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URANIUM IN PERU

PART I.

ABSTRACT

A joint United States-Peru uranium-exploration program was conducted
in Peru from 1953 through 1960. Because of difficult topographic and geo-
logic conditions in the country, attention was initially directed to exami-
nation of about half of the more then 500 known metal mines and prospects;
32 of these contained uranium minerals or anomalous radioactivity. Six of
the uranium-xiineralized areas received detailed investigation and some
physical exploration, but the mine-examination program did not result in
the development of economic deposits. Subsequent traverses made along the
road network provided only semisystematic coverage and did not result in
significant discoveries.

Particular emphasis then was placed on genetic or lithologic environ-
ments known to be favorable for uranium elsewhere. Areal studies of such
favorable environments, including possible host rocks, structures, petro-
liferous provinces, asphaltic and bituminous shales, igneous intrusions,
metamorphic rocks, lake-basin sediments, and rhyolitic pyroclastics, re-
vealed several weakly anomalous localities but no economic concentrations
of uranium.

A general study of the hydrothermal mineralization cycle, with which
is associated the greatest amount of known uranium in Peru, demonstrated
that in most districts metallization products are zonally arranged around
alteration centers with lower temperature products increasingly more
distant. Also, regional zones containing most similar temperature products
parallel the Andes and are arranged in response to a depositional temperature
gradient which decreased eastward across the mountains. Anomalous radio-
activity is most prominent in epithermal districts, and the amount thereof
apparently increases as the temperature gradient decreased. The lowest
temperature hydrothermal environment was best developed east of the Andean
summit plateau, which was least explored because of poor accessibility.
However, cursory examination of portions of this region disclosed stronger
and more widespread anomalous radioactivity than in other investigated areas
of Peru; therefore the area is believed to offer the best possibilities
for economic uranium deposits in the country.

A total of 76 uraniferous or anomalously radioactive localities were
identified as a result of all phases of the joint and independent Peruvian
exploration program.

INTRODUCTION

From the inception of the effort to utilize atomic energy Per3 has been
of interest as a possible source of radioactive raw materials because of its
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great variety and abundance of metals. Because of this and a desire at
that time to develop additional supplies of uranium, a cooperative program
to search for uranium deposits was initiated in 1953 by the Junta and the
USAEC.

Participation by U. S. geologists began with a 3-month visit to Peri
in 1953 during which mineral collections, concentrate shipment centers,
and specific suspected mineral deposits were examined for anomalous radio-
activity. These examinations were encouraging, and several radioactive
localities were identified.

In September 1954 an agreement was concluded between the U. S. Atomic
Energy Commission (USAEC) and the newly formed Junta de Control de Sustancias
Radioactivas del Perni (later the Junta de Control de Energia Atmica del
Peru, or JCEA) for supplying uranium ores and concentrates to the United
States. The agreement included provisions for a cooperative exploration
program and U. S. assistance in the form of technical guidance, equipment,
and supplies. The agreement terminated December 31, 1960. Throughout this
period several U. S. geologists and engineers participated with the Peruvian
Junta in the search for uranium.

Through 1956 emphasis was placed on routine examination of all known
metal mines and prospects for uranium. By the time this investigation was
essentially complete, it also was indicated from similar examinations else-
where, particularly in the western U. S., that in cordilleran regions of
the Western Hemisphere commercial deposits of uranium are most likely to be
associated with significant quantities of only a few metals, such as va-
nadium and sometimes copper, cobalt, and nickel.

From 1956 to 1958 specific areas were selected for study because they
contained geological features similar to those considered favorable in
uranium districts elsewhere; these were mapped and searched for anomalous
radioactivity. Rocks believed lithologically favorable as hosts for ura-
nium deposits were the most common basis for selection. Also in this phase
systematic radiometric traverses were made along the primary road network
in Peru.

By 1958 it was agreed that thenceforth U. S. geologists would be avail-
able primarily to advise generally and to aid in resolving specific problems
that arose in the JCEA's exploration program. In addition, a general re-
connaissance of as much of Peru as possible was undertaken to select new
favorable areas for JCEA investigation.

From 1958 through 1960 an effort was made to interpret the hydrothermal
mineralization cycle of Peru in terms of controls such as tectonics,
intrusive history, and patterns of mineral zoning which would influence the
location and size of various types of deposits. The presence of a small
amount of uranium in the mineralization cycle was known. The problem was to
learn whether this quantity correctly represented an insignificant total for

-8-



Perti, or whether greater concentrations could exist in preferred positions
separated from other metal occurrences.

The cooperative exploration and evaluation program resulted in the
discovery of numerous small uranium occurrences, both associated with and
independent of other metal deposits. None of these occurrences is exploit-
able under present worldwide market conditions. The presence of uranium in
a variety of environments in many parts of Peri has been established, and a
great deal is known about the geology of these occurrences. It is concluded
that uranium occurrences containing significant quantities of other metals
do not constitute an exploitable source of uranium. The uranium occurrences
located away from known hydrothermal districts are less well studied, but
their geology and zonal locations suggest that some of these areas contain
larger concentrations of uranium than now apparent. It still remains to be
proven whether Peru' has economic uranium deposits; however, exploration for
such deposits is believed to have been narrowed to specific regions and
geologic environments.

GEOGRAPHY AND GENERAL GEOLOGY

Problems of access, field investigation, geological interpretations,
and exploitation of mineral deposits in Peru are markedly affected by the
broad geographical and geological features of the country.

Geography

Peru occupies both sides of the Andes Mountains between tropical
latitudes 40 S. and 180 S. Climate and environment are greatly influenced
by the altitude and the rain barrier formed by the mountains, which divide
the country into three distinct longitudinal zones (fig. 1). Although on
figure 1 the main body of the Peruvian Andes in arbitrarily limited by the
2,000-meter contour, climatic conditions cause the marginal zone boundaries
to exist at different elevations.

The western desert zone includes the narrow coastal plain and the
lower western slopes of the Andes to about 3,500 meters. Rainfall is scant
and surface water is sufficient to irrigate only major valleys. This, plus
the extreme relief and ruggedness of mountain slopes, has impeded develop-
ment of intervalley areas to the extent that access to and exploration thereof
present major problems. Therefore, most geological work has been confined
to valleys and the vicinity of known mineral deposits, and much of the zone
still remains unexplored.

The alpine zone containing the individual cordilleras, intermontane
basins, and altiplano along the summit of the Andes has an average base
elevation of around 3,500 meters, with elevations locally ranging up to
5,000 or more meters. Climate is alpine and biseasonal with high summer
rainfall. The lack of roads and the altitude make access and field work
time-consuming and difficult. Most of the mining and exploration for ura-
nium and other minerals have been concentrated in this zone of Peru simply
because it is easiest of access.

- 9
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The jungle zone covers the eastern slope of the Andes below about

3,000 meters and the lowlands of the upper Rio Amazonas basin at ele-
vations of commonly less than 300 meters. The climate is biseasonal
with torrential summer rains. Prevailing winds are westward, and most
of the moisture failing to cross the Andes falls as rain on the upper
eastern slopes, perennially in some areas. This portion of Pert' is
uninhabited except for sparse villages and haciendas, mostly in higher
portions of major valleys. Surface travel is almost entirely by water,
but in the higher areas trails and a few primitive vehicle roads are
laboriously maintained. Any type of field work is difficult and ex-
pensive. Geological investigation, in particular, is greatly hampered
by the relative scarcity of rock exposures.

General geology

The Andes represent the late Tertiary and Quaternary rejuvenation by
block faulting of an eroded early Tertiary folded mountain range which
occupied the axis of a Paleozoic and Mesozoic geosyncline. Topographically
the mountains consist of a central dissected plateau, the Altiplano or
Puno, enclosed by higher narrow ranges, the Cordillera Occidental, and the
Cordillera Oriental. The Continental Divide follows the Cordillera Occi-
dental. Drainages from the east side of this cordillera cross the
Altiplano and cut through or around a complex of smaller ranges composing
the Cordillera Oriental.

Beneath the western coastal plain are relatively undisturbed
Cretaceous and Tertiary marine sedimentary rocks mixed with mafic volcanic
rocks. The area was not strongly involved in early Tertiary folding,
apparently was never deeply buried, and is deformed mostly by late Tertiary
to Recent small-scale block faulting.

The west slope of the Andes is essentially a complex, highly dissected
faultline scarp, with the larger faults near the base. Lower Paleozoic
sediments were regionally metamorphosed and folded during a pre-Permian
orogeny. Paleozoic, Mesozoic, and Cenozoic (Tertiary) sediments were com-
pressed into giant tight folds, which were intruded by a granodiorite
batholith of about 50 kilometers'average width along the lower west slope
but extending nearly the length of Perd. The linearity of the batholith
suggests emplacement through fault control. The top of the intrusive is
commonly exposed in or was not far above the top of present west slope
ridges. Rocks were fairly deep-seated during folding and intrusions and
subjected to high pressures and temperatures from folding and intrusion,
thereby providing a hypothermal environment for mineralization that predated
late Tertiary block-fault uplift.

The summit plateau and cordilleras Occidental and Oriental are devel-
oped in folded and thrust-faulted Paleozoic, Mesozoic, and lower Tertiary
sediments. The strata were beveled by the Miocene(?) Puna erosion surface,
which is believed to have been originally continuous with the coastal plain
and cuts rocks that eastward across the summit area seem to have been
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progressively less deeply buried during folding, thrusting, and intrusion.
They are intruded by predominantly small hypabyssal bodies although pos-
sible exceptions are small granite batholiths of questionable age. The
presently exposed rocks were less heated by deformation and intrusion and
were less deeply buried than those beneath the western slope, resulting in
a generally mesothermal environment for earlier Tertiary mineralization.
Following formation of the Puna surface late Tertiary volcanics erupted
from many centers throughout the area, and local block faulting, possibly
attendant to the major fault uplift of the mountain system, produced a
complex system of small ranges. The volcanics were locally mineralized in
an epithermal environment.

The eastern slope of the Cordillera Oriental is an eroded faultline
scarp system of great relief. Early Tertiary compression of the sediments
in this region produced fewer, less intense, and more shallow folds with
less frictional heating than in the western summit zone and the western
Cordillera Oriental slope. The principal early structural feature of this
eastern Andean slope is a broad arch with an exposed lower Paleozoic meta-
morphic core, extending nearly the length of Peru, the southwestern flank
of which coincides in many places with the Cordillera Oriental summit.
Intrusives are less common, smaller, and emplaced at more shallow depths
than to the west. Thus, although the mineralization present may have oc-
curred deeper than that in the summit volcanics, the moderate deformation
and intrusion combined to provide an epithermal environment except for
local hypothermal areas. Actually this mineralization is believed to be
late Tertiary and occurred in originally deep rocks after they had been
elevated to more shallow depths.

The lower eastern foothills of the Peruvian Andes and the marginal
Amazonas plain are underlain by a thick sequence of Mesozoic and Tertiary
sediments deposited in a basin between the Andes and the Brazilian shield.
These sediments were never deeply buried. The region has been more stable
than other parts of the Andes or the western coast of Peru. Weak vestiges

of Andean (early Tertiary) folding are several relatively small isolated
open anticlines, very similar to those in the border areas of the Rocky
Mountains and Colorado Plateau in the United States. These folds repre-
sent the latest prominent differential deformation of the area. Intrusives
are rare, small, and of shallow emplacement. Late Tertiary block faulting
is virtually absent. A very low-temperature shallow environment was
offered to Tertiary mineralization of these rocks. Hydrothermal solutions
were cooled on reaching this shallow environment, and deposits commonly
are epithermal and restricted in area.

A regional zonal distribution of hydrothermal metal deposits gener-
ally is evident through Peru (Gabelman, 1961a). Exceptions of low-
temperature deposits in high-temperature zones are interpreted as late

shallow mineralization superimposed on early deep mineralization, and those
of high-temperature deposits in low-temperature zones as the result of un-
usually great heat transfer from ascending magmas or solutions to the local
environment at shallow depths.
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The zones generally parallel the north-northwest trend of the Andes.
High-temperature deposits along the coast progressively change eastward to
low-temperature deposits along the eastern foothills and the Rio Amazonas
basin. The deposits are also believed to be progressively younger eastward
across the Andes.

Magnetite and specularite are the principal metallic minerals in the
coastal area. A small zone of hypothermal gold-quartz veins exists locally
along the lower western slope of the Andes; gold is mined from these veins.
Along most of the western slope, near the margin of the great batholith,
copper is the dominant metal produced from "porphyry" disseminations in the
south and from veins and pipes in central and northern Perni. The copper
zone grades into an early base-metal zone along the upper western slope and
western part of the Andean summit. This mineralization is pre-Miocene, the
same age generally as that to the west. A late epithermal base-metal zone
of post-Miocene mineralization in Miocene and later volcanics in superim-
posed on the eastern part of the early mesothermal base-metal zone and
extends to the eastern Andean summit area. An epithermal gold zone in which
most production comes from placers derived from gold-quartz veins largely
coincides with the eastern Andean slope. More easterly zones in the foot-
hills and Amazonas basin have no known metal deposits; however, very low-
temperature shallow mineralization is indicated by rock alteration and hot
springs.

COOPERATIVE UPANIUM-EXPLORATION PROGRAM

It has long been known that in some regions uranium is preferentially
associated with nickel-cobalt deposits or vanadiferous hydrocarbon deposits.
Prior to 1950 deposits of the former type were among the largest and richest
known: Shinkolobwe in Katanga, Belgian Congo; Joachimsthal, Czechoslovakia;
and Great Bear Lake, Canada. Bain (1950) considered these districts meso-
thermal. Also, some bituminous shales contain small quantities of vanadium
and uranium, e. g.., Sweden, U.S.S. R., and the United States. The Peruvian
Andes were suspected of uraniferous occurrences because of known cobalt-
nickel mineralization and vanadiferous bituminous shales as well as a great
variety of other mineral deposits.

In 1953 a three-month cooperative investigation comprised scanning for
anomalous radioactivity museum mineral specimens and pulp samples of mill
concentrates, followed by field examination of sources of radioactive samples.
Forty-three radioactive specimens were found in museums, and 17 source mines
were examined. The Sayapullo, Colquijirca, and Jesns Maria mines were con-
sidered possible sources of economic uranium, and further investigation was
advised.

In 1954 the Peruvian government organized the Junta de Control de Sus-
tancias Radioactivas del Perd, which was renamed in 1955 the Junta de Control
de Energia At6mica del PernL (JCEA), and entered into a uranium-purchase
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agreement with the USAEC, which included provisions for a joint uranium-
exploration effort. USAEC personnel actively participated in the exploration
program, performing the dual functions of furthering the search for uranium
and training Peruvian personnel in uranium-exploration techniques.

Mine examinations

Through 1957 the emphasis was on examination of as many as possible
known mineral deposits for a possible subsidiary uranium content. Special
attention was focused on deposits with mineral assemblages or geological
features known to be associated with uranium in other parts of the world.
This systematic investigation served to verify the absence of significant
quantities of uranium in other types of Peruvian metal deposits, but it
provided geological knowledge on the occurrence of uranium in Peru and
eliminated a large portion of the country from further exploration.

Joint JCEA-AEC teams and independent JCEA units investigated 236 mines
and prospects in PerU; these are shown on figure 3, and their general char-
acteristics are outlined in Appendices 2 and 3. Anomalous radioactivity
was found in twenty of these, six of which were examined in greater detail
and have been described in separate reports (Vilcabamba: Rogers and Coro-
nado, 1954; Sayapullo: Akright, 1954; Colquijirca: Rogers and Freyre, 1954a;
Eliana: Ryan and Valdez, 1954; and Parag: Akright and Rangel, 1955a).

It is apparent from figure 3 that the bulk of the mines and prospects
examined are on the western slope or summit of the Andes. Although this
distribution reflects the greater number of deposits along the summit than
along the coastal plain because of zoning, it more strikingly demarcates
the known accessible western and central Andes and the unknown less acces-
sible eastern Andes and Amazonas basin. In essence, most exploration was
confined to the areas of easiest access, and the patterns of examination
may not be truly representative of actual mineralization patterns in Peru.

Carborne surveys

In 1956 and 1957 continuously recorded radioactivity traverses were
made along most passable roads using a carborne scintillation counter with
a 6-inch sodium iodide crystal. No strong anomalies were reported. These
surveys cannot be considered conclusive tests of the areas crossed because
of topographic shielding of anomalies outside the road bed or cut, and
because weak anomalies representing strongly leached deposits might not
have been recognized.

Favorable area studies

As the specific mine-examination phase terminated, the program was
broadened to cover areas not associated with hydrothermal metal deposits.
Complete systematic coverage was found impracticable because of difficult
access and the limited road network. Small areas were selected for com-
parison with uraniferous areas elsewhere; principal among these were areas
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of sedimentary rocks considered favorable as sources or depositional hosts
for uranium-migrating in ground waters and areas of small granite or other
felsic intrusives. In 1957 investigation was recommended of areas charac-
terized by favorable continental host rocks, petroleum in marginal marine
and continental rocks, groups of felsic intrusives, and lake basins in
volcanic rocks.

Host rocks

Investigation of poorly sorted carbonaceous continental sediments,
particularly red beds, was a favorite approach because of numerous large
deposits in these rocks in the Colorado Plateau of the United States, and
the belief that uranium may have originated in such rocks, especially those
with a volcanic-debris content, and might have been concentrated by ground
waters. Such rocks are common in the upper Paleozoic, Cretaceous, and
Tertiary systems of Perid, and beginning in 1957 were reconnoitered whenever
encountered.

The following areas were examined specifically or partly because of
host-rock possibilities and described in various reports: (1) Cuzco-
Ayaviri region (Brown and Ciutolo, 1957a); (2) Olmos district, northern
Peru (Moses and Rangel, 1957); (3) Dos de Mayo Province, Huanuco (Moses
and Jordan, 1957); (4) Moquegua-Ilo area, Moquegua (Brown, Morales, and
Ocampo,1958); (5) Lake Titicaca region (Moses and Brown, 1957); (6) Arevuipa
Province, Arequipa (Moses and Cftolo, 1958); (7) Huallanca district, Huanuco
(Moses and Jordan, 1958); and (8) Chota and Hualgayoc provinces, Cajamarca
(Brown and Cutolo, 1957b).

At no locality was strongly anomalous radioactivity encountered although
there were local variations of around twice background. The receptability
of the rocks in terms of permeability and reducing environment (carbonaceous
material) favorable for precipitation was considered in the event that va-
grant uranium might have migrated through the area. From these investiga-
tions it can be concluded that in the areas examined no uranium was derived
from a source of detritus and deposited with the sediments, nor did epigenetic
uranium solutions migrate through the sediments.

Structures

Areas containing folds, faults, joint patterns, or sedimentational
structures, similar to those associated with uranium deposits elsewhere,
were the basis for selection of some areas examined. It was thought that
the small shallow folds in Cretaceous and Tertiary red beds in the Cuzco-
Ayaviri region might possibly have influenced the localization of uranium
migrating laterally within favorable host rocks as in some parts of the
Colorado Plateau, but the study by Brown and Ctolo (1957a) was negative.
Gabelman (1959a and 1961b) later found small anomalies in this region.

Other studies were made of joint patterns in the Olmos district (Moses
and Rangel, 1957),; fault and joint patterns in the Ayabaca-Huancabamba area
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(Brown and Morales, 1957a); sedimentational structures in the Moquegua-
Ilo area (Brown, Morales, and Ocampo, 1958); and faults and sedimentary
structures in the Chala-Atico area, Arequipa (Brown, 1957a).

No anomalous radioactivity was associated with any of the structures
studied. However, because small amounts of uranium are associated with
fractures in other parts of Peru, the above work demonstrates only that
uranium was not present in the structures of those areas selected.

Petroliferous provinces

Interpretation by some geologists of the uranium deposits at Ambrosia
Lake, New Mexico, Big Indian Wash, Utah, and other areas as precipitated
by "dead" oil in flushed oil structures, as well as the presence of small
amounts of uranium in natural hydrocarbons in Oklahoma, generated interest
in the La Brea-Parinas oilfields near Talara in northwestern Peru. Marginal
marine and continental sediments in the Tertiary petroliferous basin en-
hanced the possibility of associated uranium. The initial examination of
the Parinas oil-bearing sandstone was negative, but reexamination of the
area was recommended after discovery of the Texas Gulf Coast uranium de-
posits in a similar environment. The Salinas and Parinas formations in
and near the oilfield were reexamined with negative results (Brown, 1957b)-
In 1957 and 1958 an independent study of the oilfield was conducted by Cox
(1958). Radiometric scanning of all drill cores recovered from the area
disclosed no radioactivity.

At Pirin on the shore of Lake Titicaca, Puno Department, oil and gas
occur in folded Cretaceous red beds and limestone trapped beneath the
Tertiary Pirin overthrust, but a radiometric examination of the area dis-
closed no radioactivity (Jack Kratchman, private communication).

In 1959 anomalous radioactivity, associated with rock alteration and
a hot spring, was detected in Tertiary continental red beds on the Aguas
Calientes domea producing oilfield in the Amazonas basin. Very weak
anomalous radioactivity was also noted in drill cores of Cretaceous marginal
marine rocks on the Puerto Oriente dome, another producing oilfield in the
Amazonas basin. Thus, the oilfields of this basin may contain uranium occur-
rences although the northwestern Perni and Lake Titicaca oilfields can be
considered essentially nonuraniferous.

Asphaltic and bituminous shales

Emphasis was accorded early in the program to known asphaltite deposits
and bituminous shales because such rocks are uraniferous elsewhere, as in
Tennessee, USA; U.S.S.R.; and Sweden.

The single previously known Peruvian occurrence is a several-meter-
thick bituminous-shale bed in Cretaceous marine limestone, which crops out
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for many kilometers along the crest of the Cordillera Occidental in Lima
and Junin departments. A 100- to 200-meter thick interval of limestone
containing this and other bituminous shale beds contains local veinlets
and stockworks of asphaltite in which the vanadium mineral patronite is
prominent. Presumably the asphaltite was distilled from the shale during
deformation and migrated into the limestone. Vanadium has been mined
from these deposits for many years. Investigation, principally by the JCEA,
showed that the vanadiferous asphaltite veins are essentially barren of
uranium, but the bituminous shale locally contains insignificant traces of
uranium.

Igneous intrusions

In other parts of the world uranium is associated with felsic in-
trusives; these include disseminations or veins in granites or their contact
zones, as in France and Canada. Peru- is an especially favorable country in
which to investigate possible associations of this type because of its great
variety of well-exposed intrusive bodies, ranging from the tremendous grano-
diorite batholith to small isolated felsic and mafic hypabyssal stocks.

Examinations of the contact zone of the Andean coastal batholith, which
itself is not abnormally radioactive, were made in the Moquegua-Ilo area
(Brown, Morales, and Ocampo, 1958), Ica Province (Brown, 1957c), the Chala-
Atico area (Brown, 1957a), and Arequipa Province (Moses and Ci6tolo, 1958).

Small stocks piercing volcanics or sediments were investigated in the
Olmos area (Moses and Rangel, 1957), Ayabaca and Huancabamba provinces
(Brown and Morales, 1957a), and Piura Province (Brown, 1957d).

Although no encouraging anomalous radioactivity was found in any of
these areas, all of them are in the coastal provinces or low on the western
slope of the Andes where rock exposures and access are optimum. It can be
concluded from these investigations that the coastal batholith and later
stocks west of the Andean summit do not contain noticeable disseminations
of radioactive minerals, nor do the contact-metamorphic zones of such
intrusives. Postmagmatic or hydrothermal solutions did deposit in pegma-
tites a small amount of uraniferous complex silicates and multiple oxides
whose constituents were probably disseminated in the original magmas and
concentrated through differentation. The occurrences do not constitute
a significant resource of uranium.

In eastern and central Perii several pink granite stocks are uniformly
radioactive to about 4 times normal background. From 1956 through 1960
four such bodies were recognized, all in a broad zone along the eastern side

of the Andes. The radioactivity is known to result from disseminated uranium

only at Janchiscocha and in others could be due to uranium or the K40 isotope
in abundant pink orthoclase. Its uniform distribution suggests that, if
uranium is causative, it has not been locally concentrated through lateral
secretion or sedimentation.
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Metamorphic rocks

In 1957 reconnaissance was recommended of a typical area of regionally
metamorphosed rocks rich in serpentine in the event that uranium occurrences
similar to those in France and Japan might be found. In the Chala-Atico
area marginal effects of batholithic emplacement, perhaps partly from grani-
tization, extend many kilometers west of the contact as small granite pods
and stringers in a schist-gneiss matrix enriched in serpentine (Brown and
Morales, 1957b). Concentrations of radioactive minerals were noted only in
a single granite gneiss lens (3 times background) and a single granite
pegmatite (15 times background).

Cursory examination of regionally metamorphosed rocks in other parts
of Peru indicated preferential uranium associations only where there was
fracture control of migrating solutions.

Lake basins

It was recommended in 1957 that investigation be made of a typical old
lake basin filled with volcanic sediments, similar to those of the Basin-and-
Range province in the western United States where uranium is leached from
volcanic detritus and locally secreted in favorable clay-rich or carbonaceous
host rocks under control by sedimentational structures.

The Ayacucho basin, in which late Tertiary continental and lacustrine
clays, ashes, and silts fill an ancient dammed valley cut into fault-deformed
Miocene volcanics, was mapped without favorable results (Moses, 1957). Even
though minute amounts of primary uranium might be disseminated throughout
some pyroclastic formations in this basin (background radioactivity is above
the average), this uranium was not redistributed during sedimentation or
subsequent ground-water movement. Also, the fracture system underlying the
lake sediments was not hydrothermally mineralized in this area.

Rhyolitic pyroclastics

Minute quantities of primary uranium are uniformly disseminated in
rhyolitic tuff and ash formations at many places in the western United States.
During the course of other examinations in 1959 and 1960 two radioactive
rhyolitic tuff formations were noted in Peril near Cafiete in Lima Department
(Gabelman, 1960) and near Tambo Quemado in Ayacucho Department (Gabelman,
1961b). Both formations are uniformaly radioactive to about 4 times the normal
background for volcanic or sedimentary rocks in each area and for western Perd
in general; there was no evidence of uranium redistribution. The Ayacucho
basin contains a third similar formation of slightly lower radioactivity
(Moses, 1957).

It can be concluded that, although Peru contains weakly uraniferous
pyroclastics, the uranium generally was not disturbed from its primary state
prior to erosion and such formations probably do not constitute an available
source for concentrated uranium.
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Lateral secretion

In studies of the secondary transfer or recycling of uranium one
approach has been first to establish the presence of disseminated primary
uranium in original rocks as a source of supply. The next step is to
search nearby favorable deposition sites for concentrations of transported
uranium, regardless of whether the uranium were merely leached without the
destruction of the host rocks and'transported by ground waters, or whether
the uranium were liberated by destructive erosion, transported in surface
waters, and deposited syngenetically with new sediments.

A more common procedure has been to work backwards to find suitable
sources for known uranium concentrations. The uranium deposits at Salta,
Argentina, on the eastern side of the Andes, are thought to have been derived
from destroyed granites to the west and deposited with the Cretaceous sedi-
ments in which uranium has since been reconcentrated, but the original
locations of such granites have not been determined. Similarly the uranium
in the Gas Hills deposits of Wyoming is believed to have been leached from
underlying granite or a now largely destroyed pyroclastic cover.

Uranium liberated by rock destruction would occur in extremely low
concentrations in surface waters because of dilution with waters from non-
uraniferous areas, and insignificant quantities of uranium are locally ex-
tracted by reducing environments during transport. Ultimately this uranium
is syngenetically precipitated with sediments in extremely low-grade uniform
disseminations, concentrated by leaching, and transported by ground waters,
There must be access to enough rock to provide large quantities of uranium,
and large volumes of uraniferous solutions must pass favorable deposition
sites for subsequent concentration therein.

In areas where explanations for known uranium concentrations are attempted
in terms of distant or since-removed source rocks it is difficult to demonstrate
whether there was adequate source rock porosity to allow leaching of uranium
in significant amounts, whether sufficient ground water was available to leach
it, and whether uranium-laden water would be disseminated or concentrated at
deposition sites. Because uraniferous source rocks have been identified in
Per-U., it is a favorable country to determine whether leaching and lateral
secretion did occur by searching for concentration and deposition sites in the
surroundings of known source rocks which occur in such a variety of strati-
graphic, structural, physiographic, and climatic environments.

In a variety of Peruvian source rocks, including granites, rhyolitic
tuffs, and bituminous shales, outcrops consistently show uniform radioactivity,
which suggests that uranium was liberated only by rock destruction. Also,
examination of many favorable deposition sites in neighboring sediments
indicated that liberated uranium did not concentrate at these sites.

The lack of effective permeability and the inability of uranium to con-
centrate in solutions are believed to be the principal factors in preventing
the formation of significant deposits by lateral secretion. Presumably this
process was unimportant in the formation of uranium ores in the western and
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central Andes, and is more improbable for the eastern Andes because of
the strong dilution caused by the high rainfall and tropical climate.

Variations in background radioactivity

The natural radioactivity of rocks results from traces of various
radioactive minerals and normally varies according to the rock type. Shale
usually is about twice as radioactive as sandstone or limestone, and most
igneous or metamorphic rocks are still more radioactive. Commonly in Perii,
however, the same background reading can be obtained on sensitive scintilla-
tion counters throughout areas underlain by many different rocks.

The longitudinal geographic and tectonic zones of Peru are underlain
by metamorphosed lower Paleozoic sediments; Paleozoic, Mesozoic, and Ceno-
zoic sediments; possibly lower Paleozoic granites; Laramide intrusives;
and Cenozoic intrusives and volcanics. Along the arid west coast and lower
western slopes of the Andes background radioactivity averages about 0.015
mr/hr. In the higher portions of the semiarid summit plateau the background
is relatively consistent at 0.01 mr/hr, but at lower elevations it decreases
to about 0.008 mr/hr. On the tropical eastern slopes the background of
0.008 mr/hr at higher elevations decreases to about 0.005 mr/hr generally
and as low as 0.002 mr/hr locally in the Amazonas basin.

Significant regional variations generally reflect geographic position,
elevation, and climate rather then lithology. Lithologic variations are so
slight, even in the arid regions, as to suggest that very little uranium was
involved in the Andean uplift-erosion-sedimentation cycle as compared with
some other mobile belts throughout the world. It is also possible but less
probable that high rainfall and surface leaching have exerted an equalizing
effect on originally greater lithologically controlled variations in radio-
activity.

The normal uniformity in background emphasizes the importance of small
anomalies as possibly due to uranium mineralization as well as to primary
lithologic features.

Hydrothermal zoning

Investigation of areal zonal relations among different types of hydro-
thermal deposits in Peru was initiated in 1958 and continued until the end
of the program. The procedures for the application of this type of investi-
gation have been described by Gabelman (1961c) and will only be summarized
here.

In western Colorado, USA, uranium generally is absent from known metal
districts but is present marginal thereto in increasing quantities away from
the districts (Gabelman and Boyer, 1958; Gabelman, 1961c). In tectonic and
lithologic settings and general mineralization characteristics Peruvian
hydrothermal districts are very similar to those of the Rocky Mountain region;
differences in the types and relative abundances of metals reflect basic
differences in the type of metallogenic province.
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Earlier examinations of the known metal deposits of Perii provided
geologic knowledge of the few observed uranium occurrences, and subsequent
investigation of the altered areas has established alteration-metallization
zonal relations and indicated unknown uranium-metallized areas (Gabelman,
1961a). It was concluded that various types of metal deposits reflect
district-scale zoning around alteration centers. The most prominent district
zones and the degree of their development are commonly similar throughout
large parallel regional zones. Such zones had been recognized earlier in
Peru, Bolivia, and Chile but had been interpreted as distinct metallogenic
provinces having different ages and environments of mineralization (W.
Erickson, personal communication).

The regional zones parallel the Andes and are here considered subdi-
visions of a single metallogenic province in a regional Cenozoic metallo-
genic cycle because they are interrelated in a systematic change across
the mountains. The oldest and highest temperature deposits are along the
west coast and western slope of the Andes. Deposits of intermediate age,
depth, and temperature occur along the crestal plateau and cordilleras
Occidental and Oriental, and the youngest, shallowest, and lowest tempera-
ture deposits are found on the eastern Andean slope and in the Amazonas
basin.

District zoning is poorly developed or undeveloped in the highest
temperature regional zones and becomes more developed eastward through
lower temperature regional zones. District zoning is best developed in
the intermediate-temperature regional zones with both high-and low-tempera-
ture products represented. The tendency to develop district zoning is
greatest in the eastern lowest temperature regional zones but may be masked
by the absence of high-temperature components.

The progression of regional zones across the Andes corresponds with
the eastward decrease in the intensity and age of tectonic and intrusive
activity, suggesting that the types and environments of mineralization are
controlled by the type and intensity of deformation. Exceptions to both
district and regional zoning are common and can be explained by the super-
imposition of different ages and types of deformation and mineralization.

Hydrothermal uranium in Perd occurs in hypothermal to epithermal en-
vironmental positions. In the highest and intermediate-temperature positions,
where most of the exploratory effort was expended, it is most commonly only a
mineralogical curiosity. The locations of the greatest amount of area of
weakly anomalous radioactivity as well as the most promising uranium locali-
ties are in the lowest temperature zonal positions. The greatest volume of
hydrothermal uranium probably exists in epithermal to surficial environments,
which are best developed in the least investigated eastern portions of Peru.

The lowest temperature most favorable environment exists in the outer-
most ring zones of individual districts and the easternmost regional zones.
Outer district zones contain the most anomalous radioactivity at San Juan
de Lucanas, Cajamarca, Lago Choclococha, Morococha, Rio Pallanga, Rio Maure,
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La Raya, Ocongate, and Vilcabamba; yet because of their location within
higher temperature regional zones the volume of uranium is still very
small. Uranium deposits in outer district zones should be better than those
in central zones of high- or intermediate-temperature districts but should
not be as good as those in the lowest temperature regional zones.

The low-temperature regional gold zone along the upper eastern slope of
the Andes and a more easterly poorly defined zone contain large areas of
weak clay, quartz, and pyrite mineralization in veins and stockworks with
widespread weakly anomalous radioactivity. Stronger anomalies were found in
small local areas and in isolated uplifts east of the Andes.

It was repeatedly observed that weakly to very weakly argillized and
pyritized rocks from epithermal mineralization always are at least weakly
anomalous in radioactivity. In Colorado this resulted from uranium associated
with or in the crystal lattice of pyrite, marcasite, or less commonly clay.
Anomalous radioactivity gradually disappears with stronger and higher temper-
ature argillization or pyritization. At least 80 percent of all anomalous
radioactivity encountered in Peru occurs in argillized rocks on the edges
of pyritized areas, but some pyrite seems requisite. This association is
rare in the western hypothermal zones because of the scarcity of low-temper-
ature pyrite; it is more prevalent in the central mesothermal zones and
common in the eastern epithermal zones.

Regional reconnaissance

From 1958 through 1960 about one-half of Perni was viewed generally from
the surface or from the air along commercial airline routes. Observation
during regional reconnaissance of zonal relations between various types of
altered rocks and metal deposits was the chief factor in successful detec-
tion of anomalously radioactive localities; however, possibilities of syn-
genetic uranium and lateral secretion of syngenetic uranium from granite,
pyroclastics, and carbonaceous shales also were considered. Of the latter
type are radioactive pink granites at San Ramo6n, Junin Department, and at

Cerro Pucaranra, Ayacucho Department (Gabelman, 1961b), and of radioactive
tuffs near Canete, Lima Department, and near Tambo Quemado, Ayacucho Depart-
ment.

As a result of the joint studies of this type eleven specific small
areas and several regions were recommended for more detailed JCEA examination.
Further regional reconnaissance in Peru should enable the identification of
other radioactive areas because of proficiency attained in recognizing the
most favorable tectonic and alteration environments for uranium.

Independent JCEA program

By establishing an ore-purchase schedule the JCEA and its predecessor
encouraged considerable private prospecting from 1953 to 1957. The JCEA
also sold and repaired Geiger counters, analyzed samples, and examined the
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sources of the most radioactive samples. Reconnaissance trips and ex-
tensive radiometric traverses were made through much of Peru. Areas
recommended for investigation by JCEA or joint JCEA-AEC teams were mapped
and sampled. The localities visited by JCEA personnel are shown on
figure 3. Appendix 5 is a partial bibliography of reconnaissance and
geological reports on JCEA uranium investigations.

Detailed investigations

As a result of JCEA investigations eight areas appeared to be suf-
ficiently attractive to warrant detailed surface mapping and, in two cases,
physical development work.

The Sayapullo, Colquijirca, and Jesus Maria mines were identified as
promising uraniferous prospects in 1953, but subsequent mapping and sampling
in detail eliminated them as sources of economic uranium (Sayapullo: Akright,
1954 and Gabelman, 1959b; Colquijirca: Rogers and Freyre, 1954a).

The San Alberto prospect was discovered in 1955, and the large surround-
ing Oxapampa area ultimately was examined by Sarmiento, Aguilar, and Cutolo
(1955). Although the results of physical development have been discouraging
to date, the area still is considered very favorable for uranium because
mineralization is of low-temperature origin, amounts of other metals are small,
and it is located in the eastern regional gold zone.

A radioactive sample from the Santa Rosa mine in Lima Department was
submitted to the JCEA in 1956, and the area was examined in detail by Freyre
and Jordan (1956), who interpreted the copper-lead prospect as of contact-
metamorphic origin and concluded that the uranium occurrences were too small
to be economic. The best mineralization occurs at fracture intersections.
Morales (1956) has described a drilling project which unsuccessfully attempted
to penetrate the vein at depth.

Vilcabamba: Uranium was identified in samples from the Vilcabamba district,
Cuzco Department, in 1953, and the district was later visited by Rogers and
Coronado (1954). Anomalous radioactivity was found at four localities in nickel-
copper shoots at fracture intersections. The deposits were believed to be too
small and low grade to be exploited from this very remote area, but the geo-
logical environment is favorable and prospecting of the surrounding large region
was recommended in the event that larger and richer deposits might exist nearby.
JCEA prospecting was undertaken near Vilcabamba in 1955 and 1957. The 1957
work resulted in the discovery in Quebrada Huamanapi of new uraniferous nickel-
copper mineralization of the same type noted earlier (Aguilar, Jordan, Ocampo,
and Pizarro, 1957). More than 30 anomalies were found in a linear zone of short
calcite veinlets in limestone, extending for 900 meters and throughout an
elevation relief of 600 meters. Oxidation is at a minimum, and chemical analyses
of selected specimens ran as high as 17 percent uranium. A development program
of trenching and road building was then initiated. During the years several
other mineralized shear zones have been found in the vicinity, and the number of
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uraniferous localities along the original shear zone has been increased to

several hundred.

Meanwhile JCEA geologists reconnoitered six surrounding areas. These

were: (1) Retamayoc-Choquetira-Yanama area (Jordan and Sosa, 1958); (2)
Pampaconas-Yupancca-Tincoc area (Sosa and Goyburu, 1958a); (3) area north-

west of Lucma (Ocampo and Pizarro, 1959a); (4) Chala-Rio Apurimac area

(Ocampo and Pizarro, 1959b); (5) Quebrada Negrillas area (Aguilar, Sosa,
and Goyburu, 1959); and (6) Minaspata area (Sosa and Goyburu, 1959). New

uranium occurrences were found in Quebrada Negrillas, and anomalies were

noted northwest of Lucma.

The Vilcabamba district contains many extremely.small individual ura-

nium deposits and may contain larger ones, particularly at increasing dis-
tances from copper-nickel mineralization centers; the application of zoning
principles in reconnaissance has been recommended.

Salcantay-Huayonay: Nevado Salcantay (more than 6,000 meters), in the
remote Cordiilera Vilcabamba of Cuzco Department, was suspected of being ura-
niferous since 1953 when radioactive specimens were identified from this

locality, but the area was not visited until 1959 during reconnaissance of the
greater Vilcabamba region. No uranium was found on Salcantay (Ocampo, 1959).
Subsequently, uraninite was detected in veinlets at several localities on
neighboring Nevado Huayonay, near Ollantaytambo village, by Aguilar and G6mez
(1960). The occurrence is similar to that of Vilcabamba except that only trace

or minor amounts of copper, nickel, or other metals apparently are present.
The area is considered very favorable because of its optimum district and
regional zonal positions but remains to be explored and evaluated.

Conclusions and recommendations

The AEC-JCEA program represents 6 years of intensive exploration by
competent engineers and geologists. The investigations were largely conducted
in the portions of Peru easiest to explore although the less accessible and
less explored eastern Andes are geologically more favorable for uranium.

It has been concluded that: (1) economic uranium concentrations in
deposits of other metals appear to be most likely in the lowest temperature
zones in the eastern Andes where some copper, silver, vanadium, and selenium
might be associated with uranium; (2) inaccessibility greatly impedes and

generally prevents systematic reconnaissance of the country; (3) examination
of small areas on the basis of favorable depositional environment is con-
sidered practicable only where there is evidence of the availability of uranium
to migrate through the environments; (4) examination of small areas based on

possible methods of uranium migration from known sources to concentration
sites has eliminated some sources and methods from further consideration and
delineated the areas worthy of future investigation, and (5) uranium occurrences
found thus far in high- to moderately low-temperature environments in Peru are
small, but those in the very low-temperature environments may prove to be more
significant than occurrences now known since the latter contain a greater
quantity and intensity of anomalous radioactivity than the former.
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Future attempts to evaluate the uranium potential of Peru probably
should concentrate on the areas believed to be most favorable, e. g., in
the eastern slope of the Andes and the Amazonas basin where optimum rock
alteration could be examined and specific areas studied in detail to verify
and delineate uranium concentrations. Airborne radiometric surveying, geo-
chemical prospecting, and additional zoning studies will greatly facilitate
the recognition and exploration of uraniferous areas; however, only rich ura-
nium deposits will be economically exploitable in this underdeveloped region.

The specific localities in the eastern regional zones considered
especially attractive for investigation are: (1) Cuzco-Anta area; (2) Chaullay
area; (3) Aguas Calientes dome; (4) Rio Sandia valley; (5) Rio Marcapata valley;
and (6) Abra Carpish. All these areas have favorable alteration and weakly
anomalous radioactivity. Anomalies are unusually high in an area of very
strong leaching, and some are more intense than many in the less leached
summit mesothermal and epithermal zones, e. g., anomalies in the Chaullay area
and at the Aguas Calientes dome.

In these areas it is desirable to determine the degree and type of
alteration, size of anomalies, extent of oxidation and leaching, and condi-
tions of uranium migration. If all these factors are favorable, selected
areas can then be mapped in greater detail to demarcate sites for future
physical development.

The Cuzco-Anta area has very low-temperature mineralization,
channels sufficiently large to contain economic deposits, and relatively
favorable sandstones into which ore solutions could have spread. In addition,
the area is easily accessible and can be tested with limited shallow phys-
ical exploration. The degree of leaching may be determined by drilling one
or more holes to the primary zone in the best and most radioactive pipe
channels and comparing the uranium grades at the surface and at depth. The
size and grade of primary mineralization in the largest and most radioactive
pipe may be established by drilling additional holes in the best pipe or
estimated by detailed surface mapping after determining the degree of leach-
ing. The answers to these questions should establish or eliminate this area
as a future uranium-producing district.

Areas between strongly mineralized metal districts in the moderate-to
low-temperature zones of the central and eastern Andes are also worthy of
evaluation in considering Per's uranium possibilities. Uranium occurrences
of this type are expected to be smaller and less rich than those in the east-
ern regional zones, but their greater accessibility and easier detectability
would offset the isolated jungle occurrences with high production costs. In
these evaluations the usual criteria would apply, with greater emphasis on
mapping alteration, local structure, and radioactivity distribution.

Other areas in the outer zones of mesothermal districts are considered
favorable because of their zonal positions, the presence of very low-
temperature mineralization with weakly anomalous radioactivity, favorable
clay-pyrite alteration, and structures or rocks sufficiently permeable to
contain deposits. The areas in these outer zones are: (1) Ocongate, Cuzco:
(2) Rio Maure, Puno; (3) Sicuani: (4) Lucanas and Puente Pampas, Ayacucho;
and (5) Cajamarca, Cajamarca. It is recommended that reconnaissance mapping
of these areas be undertaken to search for district-forming criteria rather
than specific ore bodies.
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Part II.

GEOLOGY OF URANIUM OCCURRENCES

Seventy-six localities or small areas containing concentrations of
uranium in amounts greater than the normal quantity syngenetically dissemi-
nated in rocks have been identified during the cooperative uranium-explora-
tion program. These comprise 32 uraniferous metal deposits, 16 hydrothermal
localities not associated with other metals, 9 radioactive hot springs,
1 pegmatite, 4 pink granites, 1 diorite, 3 rhyolitic-pyroclastic areas;
6 black shales, and 4 hydrothermally mineralized areas of high background.

Most of the known types of uranium occurrences are represented in Peru
although none has yet proved economic. Such occurrences may be classified
genetically into first- and second-cycle syngenetic deposits and lateral
secretionary and hydrothermal epigenetic deposits. These genetic classifi-
cations are awkward because first-cycle uranium can crystallize syngenet-
ically with igneous rocks, or can be differentiated with hydrothermal
solutions and introduced epigenetically into these or other rocks. Recycled
uranium placed in solution by the destruction of earlier concentrations can
migrate in surface waters and be deposited syngenetically in sediments, or
can migrate in underground water and be deposited epigenetically.

Virtually all the known Peruvian deposits are first-cycle uranium de-
posited syngenetically in granites, pegmatites, and rhyolites to a minor
extent, or deposited epigenetically from the hydrothermal magmatic differ-
entiate to a greater extent. Recycled uranium is indicated to be rare, and
there is only one known instance of laterally secreted uranium.

The amount of uranium in the Peruvian Andes is believed basically
dependent upon the metal ratio composition of the Andean metallogenic
province, i. e., the proportions of various metals in the rocks which con-
tribute to the formation of felsic crustal magmas upon suitable compressive
deformation. Through magmatic and hydrothermal differentiation the metals
are distributed to the most receptive environments in the province. The
relative total abundance of uranium for the entire province is unknown
because no concentrations have yet been found in the environments believed
to be most favorable for its accumulation; however, it should be greater
than the proportion now indicated in the less favorable moderate- to high-
temperature environments. The radioactive granites, pegmatites, rhyolitic
pyroclastics, and syngenetic uraniferous sediments in the Peruvian Andes are
fewer and contain less uranium than similar but more radioactive rocks in the
western United States.

Genetic classifications of uranium occurrences are not well suited to
the exploration methods used in Peru because both primary and recycled uranium
could occur in the same area. Therefore, an empirical classification is used,
based on the types of associated minerals and rocks; these are listed in order
of relative known abundance. This classification intentionally emphasizes the
zonal position of uranium with respect to other hydrothermal metals, as follows:
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(1) Uranium minerals in epigenetic metal deposits;

(2) Traces of uranium in epigenetic metal deposits;

(3) Isolated indications of epigenetic uranium;

(4) Radioactive hot springs;

(5) Uranium and thQrium in pegmatites;

(6) Other syngenetic uranium disseminations in rocks
a. granites
b. other intrusives
c. rhyolitic pyroclastics
d. bituminous shales

(7) Areas of high background radioactivity.

The distribution of the various uranium occurrences in Peru is shown
in figure 4.

1: Uranium minerals in epigenetic metal deposits

Sayapullo

Cajabamba Province, Cajamarca Department, 70 35' S., 780 30' W., 2,700
meters.

The Sayapullo mine is on the north slope of Cerro Sayapullo, which
covers an area of approximately 8 by 3 kilometers on the western flank of
the Cordillera Occidental. It is 155 kilometers by road northeast of the
city of Trujillo. In a region of pronounced relief elevations range from
2,200 to 3,900 meters above sea level, permitting mine development by adits
on various levels. The mountain is on the Rio Sayapullo which flows into
the Rio Pinchadai, and thence to the Pacific by way of the larger Rio Chi-
cama; its slopes in the vicinity are covered with fertile soil and much
vegetation.

The veins have been worked intermittently for over 200 years. The
present mine owner is the Sindicato Explotadora de Sayapullo Limitada; 1954
production was 8,640 kilograms of silver, 229 tons of copper, 778 tons of
lead, and 1,200 tons of zinc.

The mine was examined initially in 1953. A more complete investigation
in 1954 consisted of radiometric surveying of all major, and most minor,
workings and some sampling (Akright, 1954). A review of exploration and new
discoveries was made by Gabelman (1959b).
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Geology

Cerro Sayapullo is composed of intensely folded and faulted Cretaceous
sediments that strike north-northwest, roughly paralleling the axis of the
mountain, and dip from 260 to 700 SW. The most prominent and extensive beds
are dense gray quartzites which are interbedded with bluish limestones,
sandstones, and loosely bedded., locally calcareous shales. The shales and
limestones weather rapidly to form soil whereas the harder quartizites pro-
trude above the surface. There are several large synclines and anticlines
in the region.

About 8 kilometers to the southwest the mountain terminates in the
Tertiary acid intrusive Cerro Blanco, which consists essentially of diorite
with extensions of andesitic sills. Although no igneous rock has been
found in any mine workings, the core of Cerro Sayapullo may be part of the
Cerro Blanco diorite.

Mineralization

Mineralization occurred in parallel fissure veins along bedding and
slippage planes that generally conform to the strike and dip of the enclosing
sedimentary rocks. There appear to have been several stages of fracturing
and mineralization. The oxidized zone ranges from 30 to 100 meters deep, and
there is very little secondary enrichment.

The veins contain sulfides with little quartz and are of two general
types. The first varies greatly in thickness, has indistinct walls, and
contains copper, principally as chalcopyrite; it is usually found nearer
the igneous intrusive than the second type and is less important. The
second type has a thickness of up to one meter, free walls, more persist-
ence, and contains tetrahedrite, galena, sphalerite, chalcopyrite, chal-
cocite, pyrite, arsenopyrite, and small amounts of quartz. The Catedral,
Esperanza, Restauradora, Milagro, and Florida veins are of this type and
contain the highest concentrations of uranium in the mine.

Radioactivity

All the veins were examined but most has no abnormal radioactivity.
The highest concentration was in the Restauradora vein on the Milagro,
Restauradora, Alcancia, and San Carlos levels; it appears to increase
slightly with depth, with the highest radioactivity confined to the thick-
ness of the vein and within the limits of the Clavo Jackson ore shoot,
approximately 100 meters in length. This section of the mine has been
worked out.

From field observation it appears that a vein in limestone, as in the
Restauradora, is more favorable for the occurrence of uranium than one in
quartzite. Significantly high readings and assays were obtained only where
the vein had a higher than average silver content, and this suggests a
close relationship between the silver-bearing tetrahedrite and the uranium
mineral, which is reported to be finely disseminated uraninite.
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The Florida vein was studied on five levels in 1954, but no evidence
of uranium was found. However, subsequent drifting eastward on the San
Jorge level exposed a radioactive shoot of 100-meter drift length and un-
known dip extensions (Gabelman, 1959b). A slightly higher background
count in the Esperanza Alta vein is not considered significant.

Twenty-six samples cut on the Restauradora vein gave the following
assays:

Percent U 08
Sample

no.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

Radiometric

Alcancia
11

it

i

"t

"

San Carlos

R estauradora11

"

"t

"

Milagroit

0.01
0.025
0.01
0.01
0 *02
0.02
0.02
0.008
0-025
0 .049
0.075
0.02
0.02
0*11
0.02
o.o4
0.036
Trace
0.01
0.025
0.074
0.042
o.o44
0.021
0.01
0.01

Chemical

0.062
0011

0.18

0.047

0 12
o.06
0.055

A carefully selected sample from the
0.22 percent U 308 .

Alcancia level chemically assayed

Even is the veins were virgin it is doubtful that uranium could be re-
covered commercially from the Sayapullo mine. No exploration is justified
for uranium alone although it is advisable to check new advances for abnormal
radioactivity as greater depth are reached. The area is not completely un-
favorable, and a more important discovery may be found in the future.
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Ollanta

This mine lies about three kilometers southeast of the Sayapullo veins
and is in a similar geological setting. The filled fissure veins are of the
first type described under Sayapullo, with the copper contained principally
as chalcopyrite; tetrahedrite, galena, and sphalerite are present in minor
amounts. Gangue minerals are quartz and calcite. The mine has been abandoned
for many years.

In a number of radioactivity spots in the walls and backs of drifts in the
old workings abnormal radioactivity was low and confined to small areas.
The highest assays obtained were 0.07 percent eU308 and 0.002 percent U308*
The deposit has no commercial possibilities for uranium.

Santa Rosa (Sumbilca)

Canta Province, Lima Department, 110 241' S., 760 53' W., 2,100 meters.

The old Santa Rosa mine is in Quebrada Picay, a tributary of the Rio Chancay,
about 7 kilometers northwest of Sumbilca village and 100 air kilometers
northeast of Lima. Access to the quebrada is by a summit road to Sumbilca or
by a road up the Chancay valley. The deposit is reached by foot or horseback,
about 3f kilometers from the ridge road or 8 kilometers from the valley.

The mine was visited in 1955 during routine mine examinations by Srs.
Guillermo Morales S. and Julio Pizarro F. of the JCEA; no radioactivity was
detected. However, after a radioactive sample was submitted by the owner in
1956, it was visited by members of the AEC and JCEA and ultimately inter-
preted as a contact-metamorphic deposit at the edge of the Andean granodiorite
batholith (Freyre and Jordan, 1956). Subsequently, further work was recom-
mended after preliminary mapping had indicated that metals existed in veins
cutting granodiorite (Jack Kratchman, personal communication). Drilling of
the deposit in 1958 has previously been discussed.

The Santa Rosa mine was initially developed as a lead-copper prospect
(Morales and Pizarro reported only prospect pits in 1955), but considerable
drifting was done after discovery of its uranium content.

Geology

Country rock near the mine is uniform granodiorite, with a few post-
magmatic or pneumatolytic ferromagnesian silicates possibly resulting from
granitization or hypothermal mineralization. The batholith is overlain at
higher elevations by andesite. Stockwork mineralization by magnetite,
specularite, and pyrrhotite represents an independent hypothermal mineral-
ization, earlier than the base-metal mineralization.
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These prominent parallel fractures have average strikes of about
N. 100 W., usually with steep northeast dips. Fractures of one sub-
sidiary set have the same strike but dip steeply southwest. Fractures
of a second subsidiary set are perpendicular in strike to the first two
sets and dip steeply southeast. No strong movement is indicated. The
three fracture sets compose a joint system typical of massive intrusive
rocks, and selective mineralization of larger, more open joints of the
first set is suggested. The deposit is probably a mineralized stock-
work. The average fissure width is about 10 centimeters with a maximum
of 20 centimeters. Only two of the three veins contain sulfide.

Mineralization

Fissure walls are generally argillized and locally silicified.
Quartz, galena, and arsenopyrite occupy most fissure volume; molybdenite,
chalcopyrite, and sphalerite are finely disseminated. Uranium, identi-
fied only in chemical analyses, probably occurs as uraninite. The galena
is argentiferous but no silver minerals are present. Sphalerite was
identified only by Morales (1958), who did not identify galena.
Surficial rocks are weathered and oxidized, but leaching, secondary en-
richment, and subsurface oxidation are unimportant.

One vein is developed for 36 meters, the second for 16 meters, and
the third (with no sulfides) for 10 meters. The maximum vertical de-
velopment is several meters. The mineralized veins would aggregate less
than 50 tons of very low-grade lead-copper ore.

Radioactivity

Most of the anomalous radioactivity is restricted to argillized
walls, or clay- or gouge-filled fractures; higher grade sulfide portions
are barren. This suggests that uranium is locked in the clay molecule,
possibly explaining the absence of recognized uranium minerals, or that
fine-grained uraninite found clay a favorable precipitating agent. A
sample from the 10-meter Fray Martin Alto adit, which contains no base-
metal sulfides, assayed 0.25 percent U308 chemically and 0.30 percent
eU308 radiometrically (Freyre and Jord6n, 1956).

The mine area has no recognized economic uranium possibilities.
Detailed mapping and drilling were done to determine the general pattern
of and controls over uranium occurrence for possible use elsewhere.

Colquijirca

Pasco Province, Pasco Department, 100 45' S., 760 15' W., 4,360 meters.

The Colquijirca mine is 8 kilometers south of the town of Cerro de Pasco
and about 315 kilometers northeast of Lima to which it is connected by
automobile road and standard-gauge railway. The area is drained by small
streams tributary to the Rio Mantaro and Rio Blanco; Lake Junin is about 20
kilometers to the south.
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The mines of this district are on a peneplane between the cordilleras

Occidental and Oriental, which converge in this area to form the Nudo de Pasco.

The region is one of gentle to moderate slopes with low, rolling hills. Strong
glaciation has taken place.

The Colquijirca outcrops were worked by the Spaniards during colonial
times but were later abandoned until 1910 when A. Riso-Patron started

operations. The present operating company is the Fernandini Clotet Hermanos,
S. A. About 400,000 kilograms of silver were produced from the rich ores

between 1911 and 1919. In 1954 the production was 3,468 tons of lead, 3,565
tons of zinc, and 14,411 kilograms of silver; no copper production was re-

ported. About 250 tons of ore per day are being treated in the concentrating
plant, a few kilometers from the mine, and the concentrates are shipped to
the Cerro de Pasco smelter at La Oroya.

The occurrence of uranium at Colquijirca was first noted in 1953 during
a preliminary survey. A more detailed study subsequently evaluated the
radioactivity and continued the examination of the unexplored mine workings
(Rogers and Freyre, 1954a).

Geology

The geology of the Colquijirca mine has been described by Lindgren (1935)
and McKinstry (1936), and only a brief outline thereof will be given here.

Tertiary folding produced a major north-south-trending anticline. To
the west of the mine the Mitu formation of Carboniferous age is the oldest
formation exposed in the anticline core. In the vicinity of the mine Tertiary
shale, sandstone, and limestone have been dragged into two synclines and an
anticline plunging moderately to the north. After intrusion of a Tertiary
monzonite stock to the south, mineralizing solutions ascending along the stock
periphery entered the beds and flowed up the plunges of the structures. Four
beds in the Tertiary Calera limestone formation were selectively replaced.

The four replaced beds, known as "mantos," have been named according to
their relative positions, i. e., Manto Alto (stratigraphically highest),
Primer Manto, Segundo Manto, and Manto Piritas (stratigraphically lowest).
Replacement has been so irregular, both along the dip and strike, that the
beds commonly cannot be differentiated. At times mineralization is a guide,
but usually spatial relationships indicate the respective mantos.

Dolomitized, sideritized, sericitized, and chertified rocks, as well
as unreplaced shales, limestones, and sandstones, are present in the mine.
Most of the chert does not contain uranium, but no uranium has been found
without it. Chert attains its greatest abundance in the Piritas Manto,
and it is usually true that where pyrite content increases chert becomes
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more abundant, and vice versa. Chert is uniquitous, however, and sub-
stantial to minor amounts are found even in the Primer and Segundo mantos
where pyrite is rare and lead and zinc abundant.

Within the Piritas Manto irregularity of chert replacement has given
rise to chert bands ranging in thickness from a few centimeters to more
than 20 meters but averaging 1 to 2 meters.

Mineralization

The iron-copper-lead-zinc-silver mineralization was of moderately
low temperature, and such typical textures as vags, crustified and drusy
forms, and cryptocrystalline quartz are plentiful. Most of the ore,
particularly pyritic ore, is well stratified. Metallic minerals identi-
fied include galena, sphalerite, pyrite, marcasite, enargite-luzonite,
tetrahedrite-tennantite, chalcopyrite, covellite, aikinite, stromeyerite,
and uraninite.

iiost of the uranium is found in the copper zones. Overlap probably
accounts for the few uranium occurrences associated with lead-zinc as,
even here, small amounts of copper are present. In general, lead-zinc
mineralization occurred in limestone and shale whereas iron, copper-silver,
and uranium minerals were deposited preferentially in open -spaces and
minute cracks in the chert.

Paragenetic studies made by the AEC show the uranium mineralization
to be both early and late, thus:

South end of mine North end of mine

chert chert
pyrite sphalerite
uraninite tennantite
enargite aikinite
chalcopyrite chalcopyrite
covellite covellite

uraninite

Two generations of uraninite are supposed, but the structure of the
mineral strongly suggested colloidal deposition; as such, uranium deposition
might well depend more on solution chemistry than on solution temperature,
and a variable uranium position in the sequence would prevail (U. S. Atomic
Energy Commission, 1954). However, no definite conclusions can be drawn
from the limited data available.

Radioactivity

A survey was made in all accessible mine workings, with scintillation-
counter readings taken at 10-meter intervals. These data were plotted on
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mine maps of 1:1,000 scale. Intensity zones of poor or no abnormal
radioactivity, mild abnormal radioactivity, and significant radioactivity
were delineated. Zones of somewhat significant radioactivity were then
examined in detail, and data were plotted on maps of 1:500 scale (occasion-
ally, 1:200 scale).

Several of the larger gossans were surveyed radiometrically with
negative results. There is very little copper staining and no secondary
uranium minerals on the surface. The contact between the sediments and
the acid stock to the south has no abnormal radioactivity.

In the mine the random pattern of small radioactive spots neces-
sitated cutting of 139 samples; the distance between samples usually was
about 3 meters. In zones of small erratic mineralization the sample
interval commonly was 1 meter.

Chemical analyses for uranium were made on 25 samples assaying
higher than 0.1 percent eU308. The uranium is in equilibrium; there
are only small differences between the radiometric and chemical assays
(Rogers and Freyre, 1954a).

As a result of the investigation, detailed recommendations were
made to the mine staff so that future exploration for base metals could
be coordinated with the search for uranium.

The mine was visited in January 1956 to check the new advances and
to examine the caved areas which had been opened since 1954. Two new
radioactive occurrences on the 300 level proved to be economically un-
important although about 20 tons of ore, averaging about 0.30 percent
eU308 , were mined from this level. The newly reopened 700 level, the
lowest in the mine, was checked in detail but had very little abnormal
radioactivity.

Following recommendations, the Piritas Techos drift had been opened
to the south, but radiation intensity was very weak and the work was
stopped after driving 30 meters.

The 600 level still remains inaccessible, but the following con-
clusions may be drawn from radiometric examination of all other levels:

(1) Uraninite occurs as disseminations and fracture fillings in
chertified zones usually associated with copper-iron-silver ore. Uranium
distribution is spotty, and there is no reason to believe that the uranium
will become more concentrated with depth. The presently known size and
distribution of uraninite mineralization product does not permit profit-
able mining for uranium.

(2) Some secondary uranium minerals are found in small amounts on
all levels and largely represent oxidation of primary uranium in place.
They occur locally in mildly wet spots and are the result of uranium
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migration along very small cracks and fractures to usually flat surfaces
for reaction and precipitation.

(3) There is no lateral zoning of uranium with respect to the acid
stock to the south; uranium mineralization occurs in both the southern
and northern parts of the mine.

(4) Much of the richer primary mineralization product, including
uranium, has been localized in small cross troughs or warps, particularly
in the Principal limb. The Piritas Manto is the most favorable bed in the
Principal and Mercedes limbs and the La Chocayoc limb the least favorable.
Entrance to the Llave limb remains caved and was not examined.

(5) It is possible but not probable that ground waters descending the
synclinal limbs may have deposited secondary uranium in the trough on the
600 level.

According to tests made by the American Cyanamid Company, neither
flotation nor gravity concentration offers possibilities of successful
recovery of the uranium although acid leaching would give satisfactory
results.

Restauradora

Huancavelica Province, Huancavelica Department, 120 55' S., 750 01' W.,
4,500 meters.

The mine lies about 20 kilometers southeast of the town of Huanca-
velica in the central portion of the Cordillera Occidental. Because of
the high altitude, vegetation is limited to grasses and lichens. Rock ex-
posures are abundant, except directly above the mine where talus masks the
underlying rock. During the colonial period some mercury was produced from
cinnabar; this has been exhausted. The mine now produces only galena and
is being operated by the Fernandini Clotet Hermanos S. A.

Geology

The Cordillera Occidental in south-central Peru is composed of folded
and faulted Paleozoic, Mesozoic, and Tertiary sedimentary and volcanic
rocks which have been intruded by various igneous rocks. In the vicinity
of Huancavelica the bedrock includes sandstones, limestones, and shales of
Jurassic and Cretaceous age and Tertiary volcanics. No crystalline rocks
are exposed in the area. Because of the complexity of the geology and the
limited extent of underground exposures, the area was not studied in detail.

The Restauradora mine is in the upper part of the stratigraphic
sequence, presumably in the Tertiary volcanics. Because all of the rocks
have undergone alteration, some so thoroughly that a positive identification
of the original rock is impossible, they will be referred to by their most
prominent characteristics.

- 35 -



There are essentially four units at the mine: (1) a tabular-shaped
galena ore body; (2) a-heavy, black, fine-grained rock, probably an in-

tensely silicified volcanic, containing large aggregates of barite; (3) an
altered, massive fine-grained, gray volcanic rock; and (4) a cream-

colored tuff. The heavy black rock and the galena ore body appear to be

within the altered gray volcanic rock, which is stratigraphically below the

tuff lying to the west.

The mine has been partly developed on three levels, the Nivel en Ex-
plotaci6n, the Socav6n Reconocimiento, and the Socav6n Suytucocha.

Radioactivity

Abnormal radioactivity was first noted in July 1954, and Ryan and
Valdez (1954) subsequently made a radiometric survey and geologic examina-
tion. Two zones of uranium mineralization were found, one on the Socav6n
Reconocimiento level in the Spanish workings from which cinnabar had been
mined, and the other is associated with the rich galena deposit on the Nivel
en Explotaci6n. The Socavon Suytucocha contains no mineralization.

The Spanish workings were in the gray volcanic rock in a zone roughly
50 meters in diameter; the intensity of radioactivity here is the highest
of any part of the mine. The uranium appears to have been associated with
the mercury, but only a shell of the mineralized zone remains.

The intensity in the Nivel en Explotacion is as high only in a few
scattered spots, but the tonnage is probably greater as only the upper
portion of the uranium zone has been exposed in mining the galena. The
two mineralized zones probably are genetically related.

Twenty-five samples were taken underground and 11 from surface out-
crops. The four highest assays were 0.12 percent eU308 (0.11 percent

cU308); 0.09 percent eU308 (0.09 percent cU308); 0.19 percent eU308 (0.20
percent cU308); and 0.09 percent eU308 (0.09 percent cU308). Most of the
samples contained only a few hundredths of one percent of uranium oxide.

The assays and tonnage are too low for the mine to have any commercial
significance at present. As development progresses on the Nivel en
ExplotaciSn radiometric checks should be made of the new advances to deter-
mine whether the uranium content increases.

Vulcano No.1

Castrovirreyna Province, Huancavelica Department, 130 09' S., 750 06' w.,
4,200 meters.

This small mine is located in the mild slopes of the Cordillera
Occidental and was worked during the colonial period. It is a fissure vein
in volcanic breccia with one adit, about 50 meters long, and a shallow shaft.
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The walls are strongly argillized, and the main vein carries argentiferous
galena in a barite gangue.

A small stringer adjacent to the main vein carries argentiferous galena
in a slightly radioactive black chert. The stringer is only 2 to 5 centi-
meters thick and the radioactivity dies out at both ends within a distance
of 20 meters along the strike.

The average grade of ore in the mine is less than 0.05 percent U308
although selected pieces assay as high as 0.5 percent U308 . Because of the
small tonnage and low grade there is no uranium production potential in the
Vulcano No. 1, but the area should be prospected to determine whether it
contains other richer mineralization.

Vilcabamba area

La Convenci6n Province, Cuzco Department, 130 06' S., 730 03' W., 4,300
meters.

The Vilcabamba mining area lies in the Cordillera Oriental northwest
of Cuzco. It is a strongly glaciated area of rugged relief and difficult
of access. The last stage of the journey necessitates a 3-day trip by
trail, and all provisions must be packed in for field work. The climate
is severe, and rain and snow seriously interfere with field work at all
times of the year. Quechua rather than Spanish is spoken.

The mines were probably first worked for silver by the Incas and later
by the Spaniards during the colonial period. The bulk of the ore presumably
was taken out during that period of lower transportation costs. Workings
are typical of the colonial period, with depth being attained by a series of
inclines, many of which are now caved.

Since the early 1900's several evaluations have been made of the prop-
erties for their copper-silver-lead-nickel-cobalt content, but apparently
all have been negative as there are no new workings and, with two exceptions,
all of the mine dumps are overgrown with vegetation. At present the area is
inactive except for uranium exploration.

Several reports of radioactive specimens from the area were made in
the past, and because of the favorable geological setting and mineral associ-
ations it was felt that a detailed investigation was warranted. The first
examination was made by Rogers and Coronado (1954), and the region was again
visited by Rogers and Freyre in May 1955. Mines were examined throughout
the mineralized area. The uranium discoveries of 1957 and the subsequent
exploration programs have been described above. The area was visited twice
in 1958 and once in 1959 by Gabelman (1959e).

Geology

The rocks of the district are interbedded sandstones and shales,
volcanics, and limestones; continental red sandstones and shales of
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the Permian Mitu formation overlie massive marine Permian Copacabana
limestone. The red beds have been invaded by Paleozoic(?) volcanics
with the appearance of trachyte porphyry. To the west of Vilcabamba

village rhyolites, and possibly latites, crop out. These do not appear
to be interbedded with the red beds but rather to intrude and cut them.
Although field evidence for relative ages is meager, two volcanic
periods are postulated, with the rhyolites being later.

The intrusive nearest to Vilcabamba is a small granite outcrop
about 15 kilometers to the northeast. However, the northeast margin
of the Machu Picchu granite batholith lies about 20 kilometers to the
southeast. Regional study might show the Vilcabamba mineralization to
be part of an overall zonal pattern because tungsten and molybdenum
mineralization are reported closer to the intrusive to the east.

Regional folding has been along essentially east-west axes although
the rocks in the mining areas examined (except Negrillas) show a general
northwest strike with dips of 350 to 40o NE. There are many strong open
fractures. Tension forces have been active, and a fairly large graben
block was noted on Cerro Negrillas. No large shear or broken zones were
noted, and the deposits occupy the limb of a large fold.

The regional geology has been described by Rogers and Coronado
(1954); Gabelman (1959c, d, e; 1961a); Aguilar, Ocampo, Jordan, and
Pizarro (1957); Jorddn and Sosa (1958); Sosa and Goyburu (1958a, 1959);
Ocampo and Pizarro (1959a,b); Aguilar, Sosa, and Goyburu (1959); Pizarro
and Goyburu (1958); Morales and Rangel (1960a,b); and Aguilar and G6mez
(1960).

The following places near Vilcabamba were examined by joint-team
geologists: Minasmayo area (San Francisco, San Antonio, and Las Nieves
veins); Huamanapi area; Tembladera area; Huaynahuarco veins; mines on
Yunquiyoc and Negrillas mountains; Huashuacocha mine; Cerro Puntarayoc
(At6mica No. 1 claim); Negrillas area, Ccollpaccasa area; and Lucma area.
In addition, scintillation-counter surveys were run across vein systems
and between the above areas.

Every mine examined contained a fissure vein deposit. The veins
cut across red beds, volcanics, and limestones. The fracture pattern
is not clear, but it appears that the strongest veins (Huaynahuarco,
the north-south system at San Francisco, and the main Tembladera vein)
are shears, while the weaker systems, arranged en echelon and in links,
are tensional. The stronger veins generally strike north and dip
steeply to the west. The veins range in thickness from a few centi-
meters to two meters. Vein strikes are very irregular in detail, and
vein thicknesses and mineralization are doubtless related to these
changes.
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Mineralization

The volcanics, red beds, and limestone are relatively unaltered.
Some local silicification of the rocks around Huaynahuarco and a mild
recrystallization of limestone along trachyte contacts were noted.
Very locally some sericitization has developed, and around Tembladera
the limestone locally has been converted to marble. Contact-metamorphic
or hypothermal skarn mineralization has occurred near the San Francisco
and San Antonio workings, and to a lesser extent at Huaynahuarco and
Tembladera. Much epidote and hematite with minor garnet and diopside(?)
were observed. The skarn zones form haloes around the larger veins and
occur in the sandstones, volcanics, and limestones.

The principal minerals in this district are chalcopyrite, tetra-
hedrite, niccolite, an unidentified cobalt mineral, and galena; the
tetrahedrite and galena are commonly argentiferous. Traces of pyrite
and sphalerite were noted. The type of mineralization usually indi-
cates mesothermal temperatures, but because of very abundant lower
temperature textures the veins are referred to Graton's leptothermal
or possibly xenothermal class.

Richer ore shoots in every case appear to occur under structural
control, i. e., vein strike and dip changes, vein intersections and
splits, and open spaces with the development of calcite pods. Gangue
in all mines examined is carbonate; both massive and crystalline cal-
cite are abundant. The calcite commonly is a light pink, and quartz
is very minor.

Uraninite is principally associated with copper-cobalt minerali-
zation and is unoxidized within a few centimeters of the surface. No
secondary uranium mineralization was seen.

Radioactivity

Abnormal radioactivity was originally observed in the Tembladera,
Huaynahuarco, and Huashuacocha areas where nickel mineralization was
common. Radioactivity is controlled by local structures of small
tonnage capabilities and the mines examined appear to have no poten-
tial for the development of commercial-grade uranium ores.

The Huaynahuarco vein, west of Vilcabamba village in the Minasmayo
area, is so close to the San Francisco veins that it is perhaps related
to them and is on, or very near to, a volcanic-sedimentary contact.
Mullion on the hanging wall seems to indicate that the vein occupies a
shear. The wall rock is silicified but is probably rhyolite. The vein
strike is northeast with a 700 NW dip. The vein is developed by three
adits along the strike for about 65 meters and in depth for about 25
meters. The vein averages 50 centimeters width, and is filled with
calcite, tetrahedrite, niccolite, perhaps a cobalt mineral, and minor
pyrite.
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No abnormal radioactivity was observed in Adit No. 1, but it appears
to be off the main vein. In the accessible two-thirds of Adit No. 2 no
abnormal radioactivity was noted, but some low-grade pieces could be picked

off the dump. In Adit No. 3 the best uranium material noted anywhere in
the district was found at a fracture confluence at the south end where the
ore shoot developed on the intersection. A small radioactive zone, 1 meter

long by 30 centimeters wide, averages about 1.0 percent U308 .

In the Tembladera workings, on the east side of Cerro Tembladera, the
main vein trends north and dips 700 W. It is exposed for about 300 meters
on the surface and is flanked en echelon by weaker veins. Only a few
workings could be entered. Minerals were chalcopyrite, galena, tetrahedrite,
niccolite, and minor pyrite and sphalerite. Calcite gangue is very abundant
and replaces limestone wall rock.

No anomalies were noted in any of the main workings nor in the dumps.
However, a small vein about 60 meters farther up the slope (northwest)
from the main vein, has slight radioactivity. This vein trends northeast
and dips 600 NW. It is probably a tension fracture and is very irregular
along both strike and dip. In the open space caused by this irregularity
is a mineralized, slightly radioactive calcite pod, which measures 25
centimeters at its widest point and contains galena, pyrite, tetrahedrite,
and niccolite. In 1959 uranium was discovered on two branch veins, which
have become known as the Aurora and Calder6n veins; the area is called
the Quebrada Calderan area. The proportion of uraninite here. where copper
and nickel minerals predominate, is less than at Huamanapi where base metals
are less common.

At the Huashuacocha mine, 25 kilometers west of Vilcabaraba village,
a truncated anticline trending almost east has been invaded by volcanic
rocks. A limonite-stained vein outcrop can be traced up the side of the
mountain for about 300 meters. It strikes 550 to 600 W. and dips 800 to
900 SW. The vein appears to occupy, or be very near, a volcanic-sedimentary
contact; volcanic breccia and andesite are present farther up the mountain.

Mineralization is mainly niccolite with minor chalcopyrite; cobalt
bloom is found on the mine walls. Both quartz and carbonate gangue are
present, and the immediate wall rock appears to be a recrystallized dolomite.

Radioactivity was low in a 10-meter adit driven on the best exposure.
The ore shoot occupies a vein swell, and Liost of the ore had been mined out.
A careful inspection of the dump revealed a few radioactive pieces that
would average 0.05 percent U308 -

The At6mica No. 1 claim is about 15 kilometers west of Vilcabamba on
the north slope of Cerro Puntarayoc; a small radioactive showing has been
known for some time. In 1954 there were no workings on the claim, but a
radiometric survey was made of the outcrop (Rogers and Coronado, 1954).
Subsequently the owners drove a short trench on a mineralized breccia
chimney at a fault intersection and five additional pits on a mineralized
limestone bed (Gabelman, 1959e).
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Two beds in a thick blue-black limestone of late Paleozoic age have
been selectively replaced and altered by hydrothermal solutions. In one
bed the limestone has been marmarized for 200 meters along the strike and
is separated from a completely silicified bed by an interval of normal
limestone. Radioactivity is confined to a small (1.2- by 0.5-meter)
calcite-barite pod containing disseminated nickel-cobalt-copper minerals;
most of the pod is barren. A selected sample from the pod assayed 2.0
percent U308, but the remainder is now only weakly radioactive.

The mineralization and alteration are genetically related as no
minerals are found in the normal limestone. Minerals observed were
gersdorffite, niccolite, chalcopyrite, pyrite, uraninite, calcite, and
barite.

The Huamanapi area, discovered in 1957, is about 2 air kilometers
south of the Minasmayo area and on the south slope of Cerro Tembladera,
at least 600 meters from the nearest vein examined in 1954. An incipient
vein system occurs in a narrow east-west, nearly vertical zone about
1 kilometer long. Individual veinlets are several meters in length or
depth and are commonly less then 5 centimeters in width. Small pods rep-
resent expansions of mineralization at fracture intersections. Skarn
zones are absent. Vein minerals are chalcopyrite, tetrahedrite, niccolite,
uraninite, and calcite. The ratio of copper and nickel minerals to uranium
minerals is less than in the earlier known veins; this is believed to
reflect lateral zoning away from centers of strongest mineralization.
Although by 1959 the JCEA had handsorted and stockpiled 2.44 metric tons of
ore of 5.73 percent U308 grade, no significant tonnage can result from the
vein system as presently known. Hundreds of anomalies or very small nodules

of uraninite are known within the zone, but they are small and widely
scattered.

The Negrillas area was found to contain uraninite in 1959 (Aguilar,
Sosa, and Goyburu, 1959). Here a major east-west high-angle fault has
placed Copacabana limestone against Mitu red beds. Some of the subsidiary
fractures are mineralized; however, the mineralization products are quan-
titatively less than at Minasmayo, Quebrada Calder6n, and Huamanapi, and
the proportion of base metals is less.

Nine small radioactive areas have been discovered, and because of
minimum oxidation and leaching uraninite has been identified on the
surface. Six of the areas, up to 40 by 120 meters in size, are completely
anomalous or contain groups of anomalies. The largest area contains 32
anomalies, ranging from 2 to 35 times background.

The Ccollpaccasa area is about 2 kilometers northwest of the Minasmayo
area and 4 kilometers northwest of Vilcabamba village. Permian(?) red
shales are cut by small faults and thin bleached alteration zones. Several
anomalies, of up to 3 times background, were noted along bleached fractured
zones by Gabelman (1959b), and the area was recommended as favorable because
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of the possibility that the quantity of uranium might increase zonally away
from the stronger mineralization centers.

The area northwest of Lucma, a northeastward extension of the Ccollpa-
ccasa area, is about 15 kilometers northeast of Vilcabamba village. It was
reconnoitered in 1959 by Ocampo and Pizarro (1959a). Mitu red beds and
lower Paleozoic slates are intruded by a small batholith with white granite
in its interior and a diorite border facies. Maximum radioactivity was
about 3 times the normal background for the region.

The Vilcabamba region cannot be eliminated as a possible future source
of uranium, but it is believed that any uranium deposit of commercial im-
portance will result from an amplified program of prospecting away from the
principal mines of the district. The mere fact that uranium solutions,
though obviously weak, have been present justifies some future prospecting
in the area. The large felsic batholith to the east, the unexamined lesser
known mines in the surrounding district, and favorable geologic criteria
make this an interesting region.

Nickel mineralization and carbonate gangue are common to each radio-
active area, but the radioactivity is not in the nickel itself. In
prospecting the Vilcabamba area nickel and copper should be watched for in
particular, and perhaps pink calcite and hematite can be considered as
guides to uranium mineralization.

In most of the examined mines fractures appeared open and strong in
the lowest levels examined, and there is no reason to assume that mineral-
ization has bottomed. With the type of mineralization and geology present,
a significant concentration of uranium may have been localized somewhere.
It seems, however, that the basic pattern has been set in the mines ex-
amined, and any uranium ore shoots in depth would be small and spotty.

Jesus Maria

General Sanchez Cerro Province, Moquegua Department, 160 10' S.,
700 26' W., 4,200 meters.

This small lead mine is in the San Francisco mining district, approxi-
mately 40 kilometers west of San Antonio de Esquilache. It is a fissure
vein in volcanic breccia in a general area of Tertiary andesitic flows and
tuffs. The vein ranges in width from 5 to 50 centimeters, strikes east, and
has a nearly vertical dip. It has been worked for about 90 meters along the
strike, and an additional 50 meters of vein can be traced along the outcrop.

Vein minerals consist of galena, pyrite, sphalerite, minor chalcopyrite,
and tetrahedrite-tennantite. The mine was examined in 1953 after abnormal
radioactivity had been noted in a sample of Jesus Maria ore in an Arequipa
warehouse. The highest of 11 samples assayed 0.34 percent U308 chemically
and 0.2 percent eU308; this was a channel sample in the San Miguel workings.
Sodium fluoride bead tests indicated that the uranium was associated with
tetrahedrite-tennantite.
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In a subsequent radiometric survey of the underground workings and
surface dumps the highest radioactivity noted was eight times background
(Ryan and Cfitolo, 1954). Because of the low grade and small quantity of
the radioactive material, this deposit is of no importance as a com-
mercial source of uranium.

2: Traces of uranium in epigenetic metal deposits

Under this class are grouped those deposits from which metals other
than uranium have been produced or are in greatest abundance and in which
uranium is indicated to exist as a trace constituent. None of these de-
posits as known are economic for uranium, and they are not expected to
contain unknown economic amounts; however, additional investigation may
disclose equal or greater amounts than known to exist in Class 1. Therefore
no special geological significance is attached to this distinction although
some distinction may exist. Some deposits are included simply because they
are known to have produced radioactive specimens.

Sinchao (Hualgayoc)

Hualgayoc Province, Cajamarca Department, 60 46' S., 780 38' W.,

3,400 meters.

The Hualgayoc district is on the Continental Divide at the crest of
the Cordillera Occidental, 43 air kilometers north-northwest of Cajamarca
city, the departmental capital. It is accessible by improved automobile
road from Cajamarca city and by unimproved road from Vista Alegre village
in Rio Jequetepeque valley. The geology and ore deposits have been
generally described by Ericksen, Iberico, and Petersen (1956).

Geology

The Cajamarca region is underlain by Cretaceous marine sandstones,
shales, and limestones, totaling about 5,000 meters in thickness. These
beds have been regionally compressed into large folds trending west or
west-northwest (part of the Chicama tectonic embayment). At Hualgayoc
a monocline in limestone is more than 1,000 meters thick. The folded
limestone has been faulted and intruded by granodiorite or diorite stocks
and later covered by andesitic volcanics. A zone of large echelon north-
northwest faults trends northwest across the district and is intersected
by a narrower zone of east-west and east-northeast smaller faults which
trends west-northwest across the district. The Cerro Hualgayoc diorite
stock is near the intersection, and a larger diorite stock is at the west-
northwest end of the zone of smaller faults. A rhyolite extrusive center
contacts the larger stock on its southeast side.

Mineralization

Only the east-west or east-northeast faults are mineralized as veins,
and these are essentially confined to the two stocks. Limestone replace-
ment deposits near veins are less important.
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The narrow west-northwest-trending zone of veins contains virtually
all the mineralization in the district, and is zoned from copper deposits
at the northwest end to lead-silver deposits at the southeast end. Silver
and lead have been produced since colonial days; copper production is less
important and more recent.

Radioactivity

Most of the lead-zinc-silver properties were examined in 1953 with
negative results. In 1960 Gabelman encountered several local anomalies,
of up to 7-) times background, in copper ore in the Sinchao deposit at the
extreme northwest end of the district. Copper occurs as chalcopyrite and
enargite in massive pyrite in a breccia pipe. Anomalous radioactivity is
associated with chalcopyrite and probably is caused by minute amounts of
uraninite.

Parcoy

Pataz Province, La Libertad Department, 70 57' S., 770 25' W.,

2,750 meters.

Because a radioactive specimen had been obtained from this old gold
mining district, investigation of the area was recommended. Subsequent
cursory examination by Akright and Rangel (1955b) disclose no anomalous
radioactivity although the Parcoy mine is considered a radioactive locality
by the JCEA (1957). Its position in the low-temperature eastern gold zone
is favorable, and the presence of even traces of uranium would suggest that
the enclosing areas are favorable for prospecting.

The nearby Pedernales prospect, 25 kilometers east of Parcoy, produced
a radioactive sample in 1925 and was visited by Akright and Rangel (1955c),
who found a slight increase in radioactivity associated with gold miner-
alization.

Chiquian

Bolognesi Province, Ancash Department, 100 10' S., 770 02' W., 4,300
meters.

The Chiquian district lies on the west slope of the Cordillera Occidental
at the south end of the small Cordillera Blanca and near the head of the
Pativilca valley. It is about 95 kilometers northeast of the coastal city of
Barranca and is reached by automobile road from Barranca via Lago Conococha.

Radioactive specimens and ore shipments from the district were believed
to be derived from the Cuyoc, San Juan, and Matamina mines, but an attempt
to locate the sources was unsuccessful. In 1954, Rogers and Freyre (1954b, c)
examined the Tres Marias, La Florida, La Carmelita, Santa Marta, and Matamina
mines without success. The district produces lead-silver ore, and uranium
probably occurs only in scattered trace quantities.
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Nin'o Perdido

Cajatambo Province, Lima Department, 100 28' S., 76 50' W., 5,000
meters.

This small property is on the eastern slope of the Cordillera
Occidental near the Continental Divide. It is approximately 20 kilometers
northeast of the town of Oyon and can be reached by trail from the village
of Raura. Mining is being done in an open pit 40 meters long 30 meters
wide, and 10 meters deep; small amounts of copper and argentiferous galena
are produced.

The country rock of the area is Cretaceous limestone with a nearly
vertical dip and a northwest strike. A mineralized zone, resembling an
inverted funnel in cross section, cuts through the mountain with a
N. 700 E. trend. This zone, between two limestone beds, is approximately
30 meters wide at the lowest point of mining and 1 meter wide at the top,
some 60 meters higher. It is filled with soft claylike material, which may
represent an incompetent shale bed that was crushed during folding and
provided channels for the mineralizing solutions.

Argentiferous galena, pyrite, chalcopyrite, azurite, malachite, and
iron oxides are found throughout the zone in poorly defined pockets and
lenses having a general vertical elongation.

In the lowest part of the pit a small pocket of granular pyrite has
slight abnormal radioactivity. Two samples each radiometrically assayed
0.01 percent U308 . A search of all the workings disclosed no more radio-
active material.

Estela mine (Parag)

Cajatambo Province, Lima Department, 100 43' S., 770 05' W., 4,500
meters.

The Parag district is high on the western slope of the Cordillera
Occidental, locally known as the Cordillera Huayhuash. From Lima it is
reached by travelling 180 kilometers by automobile road in a northerly
direction and thence 10 hours by trail; the trail departs from the high-
way at the village of Pampa Libre. The area is nearly devoid of vege-
tation; cold rain or snow can be expected at any time of year.

Most of the many small mines in this district have been abandoned.
Those within a 2-kilometer radius of the Estela mine were examined; these
included: (1) Estela mine, three levels and two sublevels; (2) Tres de
Febrero exploration trench, 300 meters northeast of the Estela; (3) Jorge,
2 kilometers east of Estela; (4) Sorpresa prospect, l} kilometers northeast
of Estela; (5) Galilea, half a kilometer north of Estela; (6) Luz Aurora,
1 kilometer to the west, and many unnamed prospects.
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The Parag area is underlain by generally flat-lying Quaternary-
Tertiary volcanics, principally andesite, which appear to have been
slightly metamorphosed and somewhat silicified. A premineralization
diorite porphyry sill and a small dike intrude the andesite in the
vicinity of the Estela mine. The many steeply dipping fractures in
the area strike in all directions with no discernible pattern. Dis-
placement is usually small, and a great number of the fractures are
mineralized. Fissure veins filling the fractures seem to be most
numerous and strongest along two trends - N. 500 to 600 W. and N. 650
to 750 E. The Estela veins range from 1 centimeter to 2 meters in
thickness. In the Tres de Febrero trench mineralization is in zones
of brecciated and silicified andesite in addition to fissure veins
similar to those in the Estela.

Mineralization

Chalcopyrite and molybdenite are the ore minerals, with associated
pyrite, magnetite, and arsenopyrite. The gangue mineral is quartz with
some epidote. The molybdenite occurs in small veinlets with and without
chalcopyrite; when two or more of these veins intersect, a rich vug of
ore is commonly found.

Radioactivity

In 1953 Richard W. Lewis (personal communication), of the U. S.
Geological Survey, and others.reported radioactive samples from the Parag
district. A radiometric survey, using a scintillation counter, was made
through all the workings in the Estela mine (Akright and Rangel, 1955a).
Isorad maps of the various levels were prepared and indicated nine areas
of the mine having higher than normal radioactivity. These areas were
then reexamined more closely to determine the source of the radioactivity.
The radioactivity occurs in small spots, usually less than a cubic foot
in volume, and the average radiometric assay is about 0.05 percent U308 .
One sample assayed 0.135 percent U308, but this was the highest that could

be selected by careful sorting.

All the radioactivity in the Estela mine is probably due to finely
disseminated uraninite, which is associated with molybdenite that also is
irregularly distributed throughout the mine. It is estimated, however,
that less than 10 percent of the molybdenite carries a detectable amount
of uranium, and the uranium does not tend to concentrate in the vugs at
vein intersections.

Abnormal radioactivity also was observed in the Tres de Febrero
trench, 300 meters northeast of the Estela mine. The trench is lower
than the bottom working of the Estela and cuts into a gently sloping
hillside. It is about 42 meters long, about 1 meter deep at the east
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end, and slightly more than 3 meters deep at the west end. Eleven weak
veins in andesite have been cut; most of them are tensional fissures, but
several contain so much brecciated country rock that they could properly
be called mineralized breccia zones. The ore minerals are molybdenite
and chalcopyrite with quartz as gangue; pyrite is abundant throughout the
trench. Higher than normal radioactivity was recorded with a scintillation
counter throughout the trench except for 10 meters at the extreme east end
of the trench. An isorad map was prepared, and samples cut where the read-
ings were the highest. Here, as in the Estela mine, the uranium mineral
probably is finely disseminated uraninite and is associated exclusively with
the spotty molybdenite. Results of the sampling are given below:

Length of channel Percent
cut (in meters) eUf08

1.5 0.025
1.1 0.025
0.8 0.002
1.3 0.010
1.1 0.020
1.2 0.010
1.4 0.025
1.1 0.015
1.3 0.020
1.5 0.010
1.7 0.008
1.5 0.020

These samples represent a total of about 75 tons of material averaging
0.016 percent eU308.

In general it may be said that the uranium occurrences in the Parag
district are very spotty and of low grade. No uranium ore of commercial
grade or quantity is exposed or likely to be found in the present workings.
It is significant that: (a) the radioactive spots are found over an area
of many hundreds of square meters; and (b) the area is apparently under-
developed from a mining standpoint.

If a future large-scale development program should uncover a signifi-
cantly richer molybdenite-chalcopyrite deposit the possibilities of a more
important uranium find would be appreciably better. An exploration program
solely for uranium does not appear justified, but it is suggested that all
new workings in the area be checked for radioactivity.

Cerro de Pasco

Pasco Province, Pasco Department, 100 42' S., 760 17' W., 4,400 meters.

The Cerro de Pasco mine of the Cerro de Pasco Corporation and the town
of Cerro de Pasco are at the northern end of the Junin pampa, about 170 air
kilometers northeast of Lima. The district is accessible by railroad and
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automobile road; its mines have operated semicontinuously since the time

of the Inca empire and are among the largest in Peru. The principal
metals produced are copper, lead, zinc, and silver. The district is de-
scribed in the literature and unpublished reports (McLaughlin, Graton, and
others, 1935; Cerro de Pasco Copper Corporation, 1950; and Gabelman, 196ld).

The mine was reconnoitered after discovery of radioactive ore specimens
in Lima museums. At one locality on the 14 level a 6-meter interval of min-
eralized cherty shale was radioactive. A sample assayed 0.04 percent U308
radiometrically and 0.007 percent U308 chemically.

Pichu

Canta Province, Lima Department, 110 33' S., 760 45' We, 1,500-2,500
meters.

The Pichu area is l kilometers by trail southeast of Yaso village,
which in turn is 80 kilometers northeast of Lima on the Lima-Canta automo-
bile road. It is high on the west slope of the Cordillera Oriental.

The country rock is the Andean granodiorite batholith, which in this
area is cut by a small vein, 20 to 30 centimeters wide, containing small
amounts of galena and chalcopyrite in a gangue of quartz and calcite. Mala-
chite and limonite are the principal oxidation products. Copper, lead and
silver have been produced.

The Pichu prospect was examined by Akright, Morales, and Pizarro (1955)
who found only low background radioactivity in the fissures. Later Morales
(1960) described anomalies of 3 to 4 times background and small specks of
autunite in a prospect pit 5 meters deep. No further investigations were
made.

Huar6n

Pasco Province, Pasco Department, 110 00' S., 760 25' W., 4,600 meters.

The Huar6n mine, about 200 kilometers northeast of Lima, is reached by
the Lima-Canta-Cerro de Pasco automobile road and is in the rugged topog-
raphy of the Cordillera Occidental. It is an important producer of copper,
lead, zinc, and silver, and is operated by the Cia. de Minas de Huar6n.

Geology

A monzonite(?) dike, trending almost south, cuts anticlinal red beds,
shales, and limestones, and smaller areas of conglomerates and volcanics.
Micromonzonite dikes intrude the sediments throughout the mine. The ages
of the sedimentary rocks and the dike are not definitely known, but the
sediments are probably Cretaceous and the intrusions Tertiary. The zone of
oxidation is shallow.
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Mineralization

The veins carrying preponderantly copper trend southwest, and those
with lead and zinc as the principal metals trend west. The chief ore
minerals are enargite, galena, sphalerite, and minor amounts of tetra-
hedrite. Pyrite, quartz, and rhodonite are the gangue minerals.

Radioactivity

A radiometric survey was made of the following: 4oo, 450, and 500
levels, Sevilla veins: 500 and 600 levels, Andalucia veins: 500 and 600
levels, Restauradora veins: and 400, 450, and 500 levels, Cometa veins.
A small (15- by 30-centimeter) spot on the 400 level of the Sevilla veins
was of low grade and was not sampled. A selected sample on the surface
radiometrically assayed 0.02 percent U308'

The negative results of this exhaustive mine survey, which included
mine dumps and tailings deposits, indicate that there presently is no
uranium potential at Huar6n. However, the geological setting is somewhat
favorable, and because future exploration could conceivably encounter
something of significance, radiometric checks could be made on all new
workings.

Virgen del Perpetuo Socorro

Lima Province, Lima Department, 110 53' W-., 760 44' W.., 1,240 meters.

This prospect is located in the low eastern foothills of the Cordi-
llera Occidental, about 40 kilometers east of Lima, in the Andean grano-
diorite batholith. Mineralization, apparently in two periods, occurred on
the borders of a granite dike about 1.5 meters thick. The first, of higher
temperature, is characterized by quartz, mica, allanite, and well-formed
crystals of molybdenite. The second, of lower temperature and apparently
associated with fracturing of the dike, deposited small amounts of chalco-
pyrite and traces of galena. Malachite staining is present.

A radiometric survey of the prospect pit and outcrops showed slight
abnormal radioactivity; the maximum reading in the pit was 2A times the
background. Analysis of one sample showed that the radioactivity came
from allanite and rutherfordine, the latter occurring as small intergrowths
with the malachite. The sample assayed 0.26 percent U308 chemically. The
deposit has no uranium production possibilities.

Ale jandria

Yauli Province, Junin Department, 110 36' S ., 760 09' W., 4,500 meters.

This mine is near the center of the Morococha mining district, about
15 kilometers east of the Continental Divide, and on the Central Highway
150 kilometers east of Lima. It adjoins the Amistad section of the Cerro
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de Pasco's Morococha mine to whose workings it is connected. The claims
occupy a topographic depression that precludes adit mining, and the only
access to the workings is by shaft. The mine is operated by the Sociedad
Minera de Puquio-Cocha and in 1954 produced 1,313 tons of copper, 89 tons
of zinc, and 5,782 kilograms of silver.

Geology

Catalina volcanics, generally thought to be Carboniferous, occupy
the eastern part of the mine and Jurassic limestones the western. The
volcanics, the oldest rocks exposed in the mine area, consist of pyro-
clastics and flows ranging from andesite to rhyolite, with latites and
dacites predominating.

Two relatively small intrusive bodies of probable Tertiary age occur
in the district; the Anticona diorite, the older, lies to the east, and
the Morococha quartz monzonite to the southwest. Both are irregular with
dike and sill extensions, and the quartz monzonite appears to be more
closely related to the ore deposits of the district. Phyllites of the
Excelsior series (Paleozoic) crop out a few kilometers to the south.

Veins usually strike southwest and dip northeast and serve as feeders
for replacement mantos, the location of the veins being controlled by
fractures. The veins weaken toward the surface, and mantos become more
common. Contact metamorphism and hydrothermal alteration are pronounced.

Mineralization

In order of descending abundance the metalliferous minerals are
pyrite, chalcopyrite, enargite, magnetite, argentiferous tetrahedrite,
sphalerite, and galena. Locally some bornite, native silver, pyrrhotite,
and specularite are present. Quartz is the most common gangue mineral,
with smaller amounts of calcite, rhodochrosite, and siderite.

Radioactivity

A radiometric survey was made on the 300, 400, 750, 875, 1000, 1100,
and 1200 levels and of the mine dumps and mill tailings. Weak abnormal
radioactivity was noted locally on the 300 and 400 levels of the Junin
vein, and a small radioactive zone was found on the 875 level at crosscut
723. Channel samples were cut at various places, but the highest radio-
metric assay obtained was 0.02 percent U308. A carefully selected sample
radiometrically assayed 0.07 percent U308. The radioactivity probably is
due to sooty pitchblende and occurs mostly in a massive pyrite manto. An
exploratory working in the most radioactive area gave discouraging results,
and it is believed that no commercial concentration of uranium exists in the
area.
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Morococha

Yauli Province, Junin Department, 110 36' S., 760 09' W., 4,500
meters.

The Morococha mine of the Cerro de Pasco Corporation is 150 kilo-
meters east of Lima on the Central Highway at the crest of the Cordillera
Occidental. The geologic setting is the same as the adjacent Alejandria
mine.

Three radioactive ore specimens from the mine were found in Lima
museums, and the mine was examined briefly in 1953. Radioactivity was
found in the 404-M stope of the 1200 level in pyrite-chalcopyrite-clay
ore that assayed 8 percent copper. A sample from this locality assayed
0.06 percent U308 both radiometrically and chemically. Uranium was most
closely associated with clay. A small anomaly also was found on the 222
level. The quantity of uranium was considered uneconomic, and the prop-
erty has not been revisited.

Huanta area

Huanta Province, Ayacucho Department, 120 49' S., 740 16' W., 3,000-

4,000 meters.

Huanta village is just southeast of the great bend of the Rio Mantaro
canyon and north of Ayacucho city; it is accessible by automobile. The
area investigated is north and northeast of Huanta between the Mantaro
canyon, Rio Cachimayo (whose tributary valley contains Ayacucho city) and
Nevado Razuhuillca. Access is by horseback.

Geology

Most of the area is underlain by lower Paleozoic schist; Permian
limestone and red beds, Triassic limestone, and Jurassic(?) volcanics
occupy the margins. The rocks have been folded, faulted, and intruded
by Tertiary diorite stocks. There are several areas of small veins, and
one area (Culluchaca) contains metal disseminations in limestone.
Epithermal mineralization introduced argentiferous galena, pyrite, argen-
tite, and minor chalcopyrite. Sporadic small-scale mining has been con-
ducted since Spanish colonial days.

Radioactivity

The radioactive locality map of Peru (Peru-, Junta de Control de
Energia At6mica, 1957) indicates anomalous radioactivity in the Dos
Burros deposit in the Huanta area. Aguilar, Ocampo, and Pizarro
(personal communication) reported a maximum reading of 0.025 mr/hr
associated with limonite in silicified limestone walls in a vein.
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During reconnaissance of the Ayacucho basin Moses (1957) examined
the Santiago lead prospect in the Huanta area without finding anomalous

radioactivity. Cox (1957) reconnoitered the Huanta area more extensively
and reported anomalous radioactivity associated with galena in several

sectors. Near Culluchaca in Quebrada Toranquina, 6 kilometers northeast
of Huanta, argillized limestone at the Sarita group of prospects contains
disseminations of galena and argentite, some of which are radioactive to

3 times background. Small galena-argentite-chalcopyrite veins near
Ayahuanco also are locally radioactive to 3 times background. In Quebrada
Palleca, southwest of San Luis village, a galena-argentite vein of the
La Huantina mine is locally radioactive to a maximum of 4 times background.

Buena Suerte No. 1 and No. 2

Castrovirreyna Province, Huancavelica Department, 130 20' S., 750 25' W.,

1,680 meters.

This small iron-stained outcrop is in the semiarid, rugged topography
of the western slopes of the Cordillera Occidental, near the village of
Huachac. The host rock is argillized shale, and the area is in the contact
zone of Paleozoic(?) sedimentary rocks with the Andean granodiorite batholith.

Spotty mineralization of chalcopyrite, galena, arsenopyrite, and pyrite
occurs in a gash vein in calcite gangue. The vein is 40 to 60 centimeters
thick and trends N. 600 E. with a steep southeast dip. The strike of the
vein is covered with alluvium. Weak radioactivity, about 5 times background,
is confined to small, knife-edge fractures within the vein; the principal
fracture is about 15 centimeters long. It has no uranium production
possibilities.

The area northeast of Huachac to Ticrapo and southwest of Huachac for
10 kilometers was prospected with negative results, but some further pro-
specting in the region seems warranted.

Eliana

Pisco Province, Ica Department, 130 43' S., 750 42' W., 800 meters.

This small mine is in the arid coastal region, about 60 kilometers east
of the town of Pisco, and 5 kilometers by trail south of the village of
Letrayo. It is an area of moderately steep slopes, and the workings are in
the bottom of Quebrada Letrayo.

The mine was examined by Ryan and Zelaya (1954). The bedrock in the
region is diorite, which is part of the extensive batholith of probable
Cretaceous age covering most of the western slope of the Peruvian Andes.
A crushed and weathered zone, about 40 meters wide, is exposed in the walls
of Quebrada Letrayo. Within this zone are two nearly vertical veins of
quartz, calcite, and iron oxide, with scattered chrysocolla and traces of
chalcopyrite; these range in width from 30 centimeters to 1 meter but are
poorly defined and discontinuous in places. The five small workings are
along these veins.
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Abnormal radioactivity was detected in three of the five workings,
and ten channel samples were cut at the most radioactive places. The
radiometric assays ranged from 0.01 to 0.055 percent U308. The uranium
mineral appears to be associated with the chrysocolla, and it is possible
but not certain that the veins may be richer in primary minerals with
depth. The mine does not appear to have any possibilities as a producer
of uranium ore.

Ica area

Ica Province, Ica Department, 130 57' S., 750 37' W. (Azurita),
140 02' S., 750 32' W. (Cabeza de Negro), 400-600 meters.

The Ica mineralized area described lies generally east of and 10 to
30 kilometers from Ica city. Ica is accessible from Lima by the South
Panamerican Highway, and the mines are reached by unimproved secondary
roads. The area occupies the western foothills of the Andes, bordering
on the arid coastal plain desert.

Geology

Geology and uranium occurrences were investigated in 1957 by JCEA
and AEC geologists (Rangel and Brown, 1957; Morales, Jordan, Ocampo, and
Pizarro, 1957), and also are described by Jordan (1960). The coastal
plain desert is underlain by prebatholithic Jurassic and Cretaceous marine
shales, sandstones, and interbedded mafic volcanics which are only moder-
ately deformed, more by block faulting than by folding. Locally to the
west these are overlain by postbatholithic Tertiary sedimentary rocks.
The Andean granodiorite batholith cuts the sedimentary rocks along the
present lower west slope of the Andes with a sharp, irregular contact.

Mineralization

Veins of hypothermal chalcopyrite, pyrite, and quartz cut both the
batholith and the intruded rocks in a linear zone enclosing the batholith
contact. Most of the veins are enlarged joints and therefore short and
relatively narrow. Vein walls are moderately argillized. Oxidation has
produced chrysocolla, malachite, and limonite.

Radioactivity

Of ten small copper mines and numerous prospects examined the
Azurita, Cabeza de Negro, and Mayo mines contained substantial anomalies
and the Ica No. 2 mine a slight anomaly. The Patito mine, from which a
radioactive sample was derived, proved negative.

The Azurita mine is developed on a vertical vein of east-west strike
and 1/2 to 1 meter wide cutting granodiorite. It contains pyrite, chal-
copyrite, bornite, specularite, quartz, calcite, malachite, azurite,
chrysocolla, hematite, and limonite. A 30-ton shipment of ore reportedly
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assayed 0.06 percent U308 , but samples from the vein assayed only 0.035
percent U308.

The Cabeza de Negro mine, developed on a fracture in granodiorite,
contains malachite, azurite, chrysocolla, quartz, and limonite. Three

small radioactive spots assayed 0.9, 1.60, and 0.1 percent U308.

The Mayo mine consists of three claims: No. 1 has a small prospect
pit, No. 2 has a shaft of unknown depth, and No. 3 has a 30-meter shaft.
Chrysocolla, malachite, limonite, and traces of chalcopyrite are the ore
minerals observed. Slight abnormal radioactivity, apparently associated
with chrysocolla, was observed on all three claims, but nos. 1 and 2 were
too low to justify sampling. A channel sample, cut from a sheared zone
in the shaft on the No. 3 claim, assayed 0.02 percent U308 chemically, and
a selected sample from a pit east of the shaft assayed 0.03 percent U308.
The highest chemical assay, obtained from carefully sorted ore, was 0.08
percent U308. Instrument readings were 3 to 6 times background, both on
the surface and in the 12-meter vertical part of the shaft.

Although the secondary copper minerals in these mines undoubtedly
change to primary sulfides at depth, there is little indication that the
grade of uranium would improve with depth. The structures are small and
cannot possibly contain significant quantities of uranium. Some pro-
specting of the surrounding region was recommended.

Lares

Calca Province, Cuzco Department, 130 10' S., 720 6i-' W., 4,300 meters.

An area called the "Altos de Huamanya," about 15 kilometers southeast
of Lares village and at the head of Quebrada Huasamayo, a tributary of the
Rio Yanatili, contains copper, cobalt, nickel, and iron veins. Most of the
veins are in Quebrada Quishuarani. They have never been exploited on a large
scale but have been prospected since the days of the Inca empire. The area
is reached by horse trail from Urubamba or from Calca in the Vilcanota valley,
and is on the crest of the Cordillera Vilcanota.

The southern slope of the east-west-trending Cordillera Vilcanota is
underlain by continental red beds of the Permian Mitu group that are intruded
by a nonradioactive Tertiary white granite batholith. Along the summit and
part of the eastern contact of the batholith red beds are in fault contact
with lower Paleozoic metamorphic slates and phyllites. The area is also cut
by mafic dikes. The Quishuarani veins cut phyllites within several kilometers
of the batholith contact and contain bornite, chalcopyrite, enargite,
erythrite, copper carbonates, and limonite in an epithermal environment. In
relation to intrusives, structure, and mineralogy the veins are very similar
to those of Vilcabamba. They continue northward toward the Laguna Seletexte
area containing lead, copper, nickel, and cobalt.
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During routine investigation of all reported cobalt-nickel districts
near Vilcabamba Cox (1959) noted radioactivity ranging from 0.1 to 0.45
mr/hr, but he described no specific localities or occurrences in the dis-
trict. Normal background for the region is 0.008 to 0.01 mr/hr; thus the
Quishuarani veins would be at 10 to 45 times background.

The district is on the fringes of the eastern gold zone. Its zonal
position, low-temperature environment, and the presence of anomalies in-
dicate very good prospecting possibilities in areas removed from the most
strongly mineralized centers.

San Francisco

Caraveli Province, Arequipa Department, 150 47' S., 740 21' w., 1,500
meters.

This small copper mine, consisting of several adits and inclines, is
in the low foothills of the Cordillera Occidental, near the town of Chala.
It occurs in a mineralized shear zone in deeply weathered diorite, with
some silicification of the intervening rock. Minerals are chalcocite and
malachite with quartz gangue.

Several slightly radioactive pieces on the dump had a maximum radio-
metric assay of 0.04 percent U308, but no abnormal radioactivity was
detected in the mine. This weak radioactivity associated with copper
seems to be typical of, and similar to, other weakly radioactive copper
deposits found in the coastal batholith between Pisco and Nazca. It is
believed that commercial production of uranium from this type of deposit
is unlikely.

Cercana mine

Tacna Province, Tacna Department, 17o 49' S., 700 07' W.,2,400
meters.

The Cercana mine is in Quebrada Palca, about midway between Pachia
village and Palca. It is on the steep western slope of the Andes, 34
kilometers by road northeast of Tacna city. The abandoned and inaccessi-
ble Cercana mine was exploited for copper and had five levels in a depth
of 100 meters.

The country rock of the district is granodiorite of the Andean
batholith. Vertical veins, up to 1 kilometer long and 100 meters deep,
trend north or northeast. The veins are hypothermal and contain princi-
pblly massive quartz through which are disseminated small quantities of
pyrite and chalcopyrite with low silver and gold values and small amounts
of arsenic sulfosalts. Copper, gold, and silver normally do not occur in
economic quantities.

- 55 -



The mine was examined for radioactivity in 1954 with negative results

(see appendix 3), but upon reexamination by Aguilar, Pizarro, and Goyburu

(1958) local anomalies were detected. Most of the veins at the outcrop or
in prospect pits have a background radioactivity of 0.03 to 0.05 mr/hr.
Selected samples from the dump were anomalous up to 2.0 mr/hr, or 4o times
background, but their sources in the mine are unknown. This occurrence is
considered typical of the trace amount of uranium commonly found in the
hypothermal copper environment of Per and has no economic value.

3: Isolated indications of epigenetic uranium

These radioactive occurrences are those introduced through permea-
bility channels into rocks and in which other metallic minerals, except
pyrite, are not greatly in excess of uranium or possibly thorium minerals.
The class is given separate distinction primarily to emphasize the zonal
separation of very low-temperature, shallowly formed hydrothermal uranium
occurrences from the valueless higher temperature uranium occurrences.
However, the characteristics of this class also fit mineral occurrences
formed by the lateral-secretion action of nonhydrothermal ground waters.
In fact, the two types of shallowly formed occurrences are difficult to
distinguish by field relations, and both origins could be debated for
many of the occurrences in sedimentary rocks. Most occurrences of this
class are accompanied by argillization (and/or bleaching), silicification,
and pyritization of the enclosing rocks.

Because the environment of these occurrences is similar to the pro-
ductive uranium deposits of the United States, Argentina, and other
regions, they are considered to have the greatest possible chance of
successful economic development, but additional exploration and evaluation
are necessary. None are presently known to be economic.

Tucume

Lambayeque Province, Lambayeque Department, 60 31' S., 790 52' W.,
100 meters.

Tucume village is 22 kilometers north of Lambayeque city on the Pan-
american Highway in northwestern Pern. About 2 kilometers east of Tucume
an isolated conspicuous hill, Cerro Purgatorio, rises above the coastal

plain to an elevation of 198 meters. A smaller hill, Cerro Tucume, is in

the eastern part of the village.

Lambayeque is at the southeast edge of the Sechura Desert, an ex-
tremely flat portion of the coastal plain underlain by Late Cretaceous and
early Tertiary (Eocene to Miocene) marine sandstones, shales, and marls.
This plain is believed to represent the pre-Miocene Puna erosion surface
that is developed on moderately folded sedimentary rocks locally intruded
by portions of the Andean batholith. Just east of Lambayeque and Tucume
small isolated monadnocks rise from the peneplane at the westernmost foot-
hills of the Andes. Cerro Purgatorio and Cerro del Panteon at Chiclayo are
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possibly small stock outliers of the batholith, similar to a group of
small stocks with similar outcrops just southeast of Chiclayo. In this
region the batholith descends northward beneath the sedimentary rock
cover, and associated hydrothermal mineralization becomes progressively
lower in temperature and more shallow northward.

Cerro Tucume was found to be anomalously radioactive in 1959 by
Gabelman and Rangel (1959), who were attracted by its unique weak pyri-
tization. The hill probably is composed of fine-grained sandstone, as
suggested by poorly preserved marine pelecypods that have been altered
beyond recognition. The entire hill, about one-third square kilometer
in area, has been intensely argillized, then silicified, and weakly
pyritized. Pyrite occurs as a replacement dissemination. Pre-alteration
shatter fractures are abundant and suggest proximity to an immediately
underlying intrusive or a fault; the altered area, however, is pipelike.
The hill generally is at twice background and locally up to 3 times back-
ground. The manifestations of uranium are not sufficient to be economic
but suggest the desirability of more investigation.

Cerro Purgatorio appears to be similarly argillized and silicified
but lacks pyrite; Cerro del Panteon contains all three types of alteration.
Neither hill was visited.

Mocupe

Chiclayo Province, Lambayeque Department, 60 55' S., 790 35'-36' w.,
60-500 meters.

Mocupe village is about 35 kilometers southeast of Chiclayo city on
the Panamerican Highway in northwestern Pern- The village is in the Rio
Zana valley at the margin between the narrow coastal plain and the western
foothills of the Andes.

The foothills between Eten and Pacasmayo were investigated by Rangel
(1959a) during a semisystematic reconnaissance of the Peruvian coastal
plain. The coastal plain and Andean foothills in this area are underlain
by Triassic-Jurassic marine volcanics and intercalated sediments, and
Cretaceous marine limestone, sandstone, and marl. Beneath the coastal
plain these rocks are essentially flat, but in the foothills area they
have been folded and intruded by stock outliers of the Andean batholith.
Quaternary sediments cap most of the plain and fill modern valleys.

The area has no known significant metal deposits, but pipelike bodies
of pervasively to weakly argillized, silicified, and pyritized rocks are
common in sedimentary and intrusive rocks. None of the alteration pipes
was investigated, but weakly anomalous radioactivity was found at several
localities in intervening areas.
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Background radioactivity of 0.03 to 0.04 mr/hr was several times
higher than the 0.01 mr/hr common for most of Peri. The two areas of
highest radioactivity at Cerro San Nicolas, north of Mocupe, and Cerro
Lindero, east of Mocupe, are in unaltered limestone. The small locality
on Cerro San Nicolas was at twice background and that in Cerro Lindero at

3 times background. In the latter specks of a mineral tentatively iden-
tified as autunite occupy fractures in limestone. The manifestations of
uranium are uneconomic but illustrate the favorable low-temperature
environment.

El Sol Naciente

Pataz Province, La Libertad Department, 80 08' S., 770 25' W., 3,950
meters.

El Sol Naciente is in the Cordillera Central, about 5 kilometers
southwest of the village of Buldibuyo. The mine consists of several open
cuts and numerous exploration trenches, and was first worked about 1952.
The country rock in the area is Copacabana limestone. About 3 kilometers
to the northeast there is a granodiorite intrusive.

Mineralization occurs in inconsistent veins within a vertical zone,
trending north-south, in which there has been some shearing and silici-
fication; in places the zone is 90 meters wide. The veins pinch out in
the lowest workings. Minerals observed were chalcopyrite, pyrite, and
calcite. One small spot, containing less than a cubic foot of material,
showed slightly abnormal radioactivity and assayed 0.008 percent U308
radiometrically. Only normal background counts were observed in the other
mine workings and along the outcrops.

Aguas Calientes

Pachitea Province, Huanuco Department, 80 48' S., 74o 47' W., 280
meters.

Aguas Calientes village, on the Rio Pachitea about 45 air kilometers
southwest of Pucallpa, is the site of the Aguas Calientes dome, an oilfield
of the Compania de Petroleo Ganzo Azul. Until 1958 this was the only pro-
ducing oilfield in the Rio Amazonas basin although many anticlines are
evident on the surface. This condition illustrates the difficulty of in-
vestigating and developing the region because of remoteness, inaccessi-
bility, and thick jungle cover. Transportation is by air or riverboat.
The area has been reconnoitered by Gabelman (1959f).

The dome, in the broad structural and topographic Amazonas basin
between the Andes Mountains and the BrazLlian shield, is similar to many
structural basins on the foreland side of the cordilleran mobile belt in
North America. It is elongated northwestward and is expressed at the
surface by concentric oval sandstone hogbacks and shale racetrack valleys.
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In the dome Jurassic continental red beds are unconformably overlain
by a complete Cretaceous sequence of alternating littoral or shallow-water
sandstones and marine black shales representing fluctuating transgressive
deposits (the six members of the El Oriente formation), a thick marine
black shale (the Chonta formation), and a thin sandstone-shale sequence of
regressive deposits (the Vivian sandstone and Cachiyacu formation). All
except the lowermost Cretaceous formations are exposed. The Cretaceous is
overlain by several thousand meters of lower Tertiary continental red beds.
Petroleum is produced from the Cushabatay sandstone member of the El Oriente
formation.

At least three hot springs on the northwest and northeast flanks of the
dome supply unusually large volumes of water to the local drainage. At
the largest of these,200 meters downstream from its orifice, spring water
is greatly diluted with surface drainage. The water here is at 650 C., has
a pH of 7.5, and is depositing travertine on gravel. Its radioactivity is
4} times the background away from the dome.

Much of the Cretaceous sandstone, limestone, and shale on the north
flank of the dome has been weakly altered by bleaching, pink hematitiza-
tion, and pyritization. The radioactivity in this altered sector was
locally as high as 6 times the areal background outside the dome.

Because of the strong surface leaching (including lateritization)
normal to the jungle, background radioactivity is expectedly and uniformly
low (0.0025 mr/hr), and small anomalies are possibly equivalent to several
times their value in the Andes. Consequently, the rock alteration and
favorable sandstone lithology make this area of small anomalies especially
favorable for further investigation. The tectonic, lithologic, and miner-
alization environments are very similar to those of sandstone uranium
districts of the western United States, and significant uranium deposits
could conceivably exist at depths beyond the reach of the tropical climate.

Abra Carpish

Hua-nuco Province, Huanuco Department, 90 45' S., 760 7' W., 2,750
meters.

Abra Carpish is the locality where the road from Huanuco to Tingo
Maria crosses an east-west-trending ridge, known as Punta Esperanza, which
occupies a right-angle bend in the canyon of the Rio Huallaga in the
Cordillera Oriental. Abra Carpish is 8 air kilometers north of Acomayo
village in the Huallaga valley, and Acomayo is 21 air kilometers northeast
of Hudnuco city. Punta Esperanza is a minor rain barrier to prevailing
winds from the northeast so that the south slope of the ridge is generally
semiarid, whereas the north slope is tropical and jungle-covered. There
is no known past mining activity in the area.
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Tectonically Huinuco is near the axis of a broad compressive arch
dating from early Andean deformation and nearly coincident with the
present-day Cordillera Oriental. The lower Paleozoic metamorphic core of
the arch was exposed prior to Miocene Puna erosion, and is presently pre-

served although the topography has been greatly modified by post-Miocene
block-fault uplift. Abra Carpish is near the eastern margin of the meta-
morphic core.

On and near the summit there is a cluster of numerous small weak
alteration pipes of argillized and pyritized phyllite and schist. Only
two pipes contain pervasively altered rock; the others contain alteration
stockworks. Early argillization is the more extensive, and pyritization
normally is confined to pipe centers.

The maximum radioactivity was found in weakly pyritized rock or in
argillized phyllite at the margins of pyritized areas - 4 times the back-
ground in unaltered rock and 7 times the background outside the cluster of
alteration pipes. Although only weak anomalies presently are known, the
type, very low-temperature environment, and geographical position (in the
eastern gold zone) of mineralization are favorable and support the
desirability of additional investigation in the hope of finding uraniferous
veins in the area.

San Alberto (Oxapampa)

Oxapampa Province, Pasco Department, 100 34' S., 750 23' W., 2,500
meters.

This prospect is 7 kilometers northeast of the town of Oxapampa in a
mountainous jungle area of largely impenetrable vegetation. It lies on
the eastern slope of the Cordillera Oriental, and drainage is to the Rio
Amazonas by way of the Rio Ucayali. The town of Oxapampa lies almost due
east of Cerro de Pasco and is connected by automobile road with La Oroya on
the Central Highway. There are no mines in the province.

Geology

Rocks in the region are east-dipping Paleozoic conglomerates, shales,
and limestones underlain by lower Paleozoic phyllites and quartzites. Few
outcrops can be seen because of the heavy cover of detrital material and
the dense jungle vegetation.

Mineralization

Mineralization at the San Alberto prospect occurs in a narrow shear
zone in phyllite. Fracture surfaces in the zone are coated with streaks
and blebs of chalcopyrite, pyrite, quartz, and calcite; the presence of
finely disseminated uraninite was determined by X-ray diffraction.
Oxidation of the pyrite and chalcopyrite has caused some staining in the
shale. The copper content is low and not economic, and the entire area
is virtually barren of mineralization.
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Radioactivity

Abnormal radioactivity was first observed in a sample collected by
Mr. Otto Miller, a resident of Oxapampa and part owner of the prospect.
Subsequent examination showed moderate radioactivity in the shear zone
near the surface, and a channel sample assayed 0.94 percent U308 radio-
metrically and 1.1 percent U3Q8 chemically. The source of the miner-
alization could not be determined.

At an exploration crosscut driven to intersect the shear zone a
few meters below the surface the radioactivity decreased notably with
the disappearance of chalcopyrite and pyrite. There is only a remote
possibility for development of this prospect into a commercial uranium
deposit.

Regional exploration

Following the discovery at San Alberto, JCEA geologists made a
radiometric reconnaissance in all accessible quebradas and on all
trails within a radius of many kilometers, but no additional abnormal
radioactivity was observed (Sarmiento, Aguilar, and Citolo, 1955).
During this reconnaissance several hundred kilometers were traversed
on foot and the following areas were visited: (1) Oxapampa - includes
Acuzazu, San Alberto, Quebrada Honda, Santa Clara, and Chontabamba;
(2) Villa Rica - 20 kilometers southeast of Oxapampa; (3) Huancabamba -
20 kilometers northwest of Oxapampa, includes Purumayo, Ancahuachanan,
Tingo de Huancabamba, and Quillaz'; and (4) Chuchuras - 60 kilometers
northeast of Oxapampa, includes Muchuy, Konopata, Tunqui, Cajonpata,
Palmatambo, San Miguel, Curz-Pata, Rio Conparachimas, Rio Chuchuras,
Rio Azcuzazin, and Rio Palcazi.

The area was revisited in 1959 by Gabelman and Rangel, but no
additional radioactive localities were discovered (Rangel, 1959b).

Churin

Cajatambo Province, Lima Department, 100 48' S., 760 56' w., + 2,200
meters.

The town of Churin, about 200 kilometers north of Lima, lies in a
deeply incised, steep-sided valley on the western slope of the Cordillera
Occidental. It is the site of several hot springs claimed to have thera-
peutic properties. The source of the hot springs is deep-seated, and
extensive radiometric reconnaissance in this region gave no encouraging
results.

Hot-spring deposits of travertine overlie Tertiary shale and lime-
stone, forming several terraces near the road on the south edge of the
town. In two terraces seams of impure travertine were radioactive, and
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selected samples assayed 0.2 percent U308 chemically. The seams are
about 80 centimeters thick, cover an area of roughly 40 meters in
diameter, and carry decomposed vegetable matter. The much larger area
of dense travertine had only a normal background count. Because of the
limited tonnage and low average uranium content, the deposit has no im-
portance as a potential producer.

Carhuacayan

Yauli Province, Junin Department, 110 18' S., 760 14' W., 4,000 meters.

Carhuacayan village is in the valley of the Rio Huascachaca, a tribu-
tary of the R1o Mantaro, on the east slope of the Cordillera Oriental and
near the west edge of the high Junin pampa. It is 28 air kilometers south-
west of Junin village and about 120 air kilometers northeast of Lima. The
area is part of the well-known Central mining district, along the crest of
the Cordillera Occidental, and contains such famous base-metal mines as
Casapalca, Morococha, Alpamarca, Huar6n, and Rio Pallanga.

The Cosacancha alteration center nearly coincides with a quartz monzo-
nite porphyry stock 17 air kilometers west of Carhuacayan and northeast of
Alpamarca. An isolated area, of more than 5 square kilometers, has been
strongly argillized, possibly sericitized, silicified, and pyritized in
complex patterns. Large economic base-metal deposits occur on the south-
west (Alpamarca) and north (Huancamachay) sides in relatively unaltered
sediments, as much as 5 kilometers from the alteration pipe. Subsidiary
smaller alteration pipes of weaker alteration of the same type occur up to
17 kilometers from the center.

Pyritization has occurred in the central area as well as in most of
the most marginal pipes, but the quantity of pyrite 'introduced progressively
decreases outward from the center. The central pyritized rocks are not
anomalously radioactive; however, most of the weakly pyritized rocks in the

outermost satellitic alteration pipes are anomalously radioactive to twice
and locally 3 times background. The amount of radioactivity progressively
increases outward from the central area to these maximums.

Two kilometers west of Carhuacayan village tepid springs are deposit-
ing travertine, and larger dead cones are indicative of former stronger and
perhaps higher temperature activity. One cone was anomalous to an average
of 3 times background radioactivity. About 2 kilometers northwestward are
old Spanish gold prospects in a slightly pyritized area with quartz veinlets
in and near which anomalies of twice background were found.

All the mines in the district were examined for radioactivity prior to
1957 (appendix 3). The area was visited in 1959 by Gabelman and Sosa, and
some classic examples of alteration-metallization patterns were described
by Gabelman (1960b). The anomalies encountered were small but are empha-
sized as representative of the low-temperature environment favorable for
uranium on the outer fringes of higher temperature districts in the regional

base-metal zone.
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Chaullay

La Convenci6n Province, Cuzco Department, 130 01' S., 720 38' w.,
1,230 meters.

Chaullay village is about 20 kilometers by automobile road down the
Urubamba (Vilcanota) valley from Huadquin~a, the terminus of the Cuzco-
Santa Ana railroad. The village is 95 air kilometers northwest of Cuzco
city. Access to Huadquina is only by railroad because there is no
automobile road through the Vilcanota canyon near Machu Picchu. Chaullay
is also at the junction of the Vilcabamba and Vilcanota rivers and is the
supply point for pack-animal trains to the Vilcabamba uranium area. The
area is of mature topography with extreme relief and precipitous slopes,
and is heavily covered with jungle. No mines are known.

The Chaullay area, although topographically on the lower north-
eastern slope of the east-west Cordillera Vilcabamba, is near the axis of
the regional compressive arch that is nearly coincident with the present
Cordillera Oriental. Country rocks are lower Paleozoic phyllites of the
exposed core of the arch. There is a prominent system of smaller east-
northeast folds and faults. Subsidiary faults trend northwest and locally
contain quartz-calcite veins. The dominant structure between Chaullay and
Cuquipata is a northeast-trending high-angle fault zone, at least 10
kilometers long, which is enclosed by a narrow belt of weakly argillized
and pyritized alteration pipes in phyllite. Small gold placers reportedly
exist in tributaries of the Vilcabamba west of this area.

Gabelman had noted small anomalies in the area in 1958; subsequently,
Sosa and Goyburu (1958b) investigated the area. Throughout the 7- to 9-
kilometer interval along the trail between Chaullay and Cuquipata many of
the argillized and pyritized walls of joints and small faults are anoma-
lously radioactive. The minerals in these fractures or veinlets are pyrite,
quartz, calcite, gypsum, limonite, jarosite, and pyrolusite. Chalcopyrite
and copper carbonates are uncommon to rare. Radioactivity is highest at
the margins of pyritized areas and is commonly twice background.

Five anomalies reported by Sosa and Goyburu (1958b) were 3 to 4 times
background. A 10-meter-wide vein of unknown length, exposed in a road cut
at Chaullay, contains the strongest metallization found in the area. An
anomaly of 4 times background on the outcrop was improved to 9 times back-
ground by excavating about one-third of a meter into the vein where fresh
pyrite and chalcopyrite were found armored in silica nodules. Gabelman
found additional anomalies in the area in 1959.

The significance of the anomalies is enhanced by considering the
surficial leaching caused by the tropical climate and rainfall. Mineralogy
and texture of the occurrences suggest the low-temperature environment
which is zonally removed from stronger and higher temperature mineralized
areas such as Vilcabamba, about 80 kilometers to the west. Therefore, this
area is considered especially favorable for uranium.
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Huayonay

Urubamba Province, Cuzco Department, 130 21' S., 720 23' W., 4,700
meters.

Nevado Huayonay is in the eastern part of the Cordillera Vilcabamba,
about 14 air kilometers southwest of Ollantaytambo village at the upper
end of the Rio Vilcanota canyon. Ollantaytambo is the lower limit of
automobile transportation from Cuzco, about 40 air kilometers to the south-
east. Access to the area from Ollantaytambo is by horseback.

The crest of the Cordillera Vilcabamba approximately coincides with
the sedimentary-metamorphic-rock contact on the south limb of the regional
compressive arch. The arch and its related small cordilleras (Vilcabamba
and Vilcanota) trend east-west in this region. The central Cordillera
Vilcabamba also contains the white granite batholith, locally known as the
Machu Picchu granite, whose southern margin in the Vilcanota canyon is
west-northwest of Ollantaytambo. The batholith was intruded essentially
along the sedimentary-metamorphic-rock contact, which in this region is a
large fault located about 7 kilometers south of Ollantaytambo and passing
near Pachar at the upper end of the canyon. Nevado Huayonay, in the in-
tervening area of lower Paleozoic metamorphic rocks, is a white granite
stock representing an outlier southeast of the Machu Picchu batholith.

Radioactive base-metal ore samples were reported in 1953 from the
Nevado Salcantay area, 20 air kilometers west of Huayonay, but the sources
thereof were never located. Pizarro (1958) and Ocampo (1959) reconnoitered
the Salcantay area without success. Ocampo (1959), however, found anomalies
of up to 0.8 mr/hr near Nevado Huayonay. Aguilar verified the presence of
uranium in Nevado Huayonay during a reconnaissance extension of the Vilcabamba
and Salcantay projects (Aguilar and G6mez, 1960).

Uranium mineralization on the south slope of Nevado Huayonay occurs
in lower Paleozoic phyllite where the sedimentary boundary is separated
from the granite stock by 1 to 2 kilometers. Rocks in the area are locally
argillized, silicified, and pyritized. In two small isolated areas many
small joint fractures are mineralized with pyrite, and presumably uraninite,
in quartz gangue; these probably are mineralized stockworks. Oxidation is
minimum because of recent strong glaciation. The nearest significant base-
metal deposits are 60 kilometers to the west. Anomalies range to a maximum
of 500 times background.

The Huayonay area is considered one of the most significant for uranium
deposits found to date. The stockworks appear to encompass at least several
hundred square meters, and no detailed investigation had been undertaken as
of 1960. The preponderance of uranium over base metals, the zonal separation
from other metals, and the proximity to the Cuzco-Anta area are considered
favorable indications of possibly richer uranium mineralization in the
stockworks.
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Corihuairachina

Urubamba Province, Cuzco Department, 130 15' S-, 720 8' W-, 3,540
meters.

Corihuairachina locality is in the Vilcanota valley on the ridge west
of Quebrada Querocancha, about 14 air kilometers east of Ollantaytambo
village and 6 kilometers northwest of Urubamba village.

Country rocks are red continental sediments of the Mitu group within

l1 kilometers of the south margin of the Machu Picchu batholith; sandstones
have been metamorphosed to quartzite. A northwest-southeast vein, which
dips 800, contains iron and manganese oxides. In this area Cox (1959)
found several anomalies of 10 to 20 times background.

The mineralization environment is of very low temperature and appar-
ently similar to that of Huayonay and the adjacent Cuzco-Anta area. The
area is considered favorable because of its zonal isolation and the known
uranium occurrences or anomalies nearby.

Quebrada Querocancha

Urubamba Province, Cuzco Department, 130 17' S., 720 7' W., - 3,200
meters.

A radioactive locality in Quebrada Querocancha is about 3 air kilo-
meters above its junction with the Rio Vilcanota and 3} air kilometers
northwest of Urubamba village. Anomalies were discovered in 1959 by Jordan
and Goyburu (personal communication) and later were visited by Gabelman.
The locality adjoins the Cuzco-Anta area and is about 3 kilometers from the
Corihuairachina locality.

Country rocks are Mitu red beds. The batholith contact is about 4
air kilometers to the north. Several large faults cut the area but are
not visibly mineralized. However, there are pipelike bodies of weak
argillization and pyritization which appear unrelated to major structures,
and several of these contain weakly anomalous radioactivity of 2 to 3
times background. In one adjacent area, of about 100 square meters, Mitu
sandstones have been bleached and very weakly argillized, chloritized, and
pyritized under bedding and joint control; maximum radioactivity is 6 times
background. The host rock is permeable and contains a few carbonized
plant fragments.

Although this particular occurrence probably contains no economic
uranium, the locality shares in the favorability of the entire surrounding
area by virtue of its weak low-temperature mineralization, zonal isolation,
and the number and widespread distribution of anomalies.
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Cuzco-Anta area

Anta and Cuzco provides, Cuzco Department, approximately 15 30' S.,

720 5' W., 3,600-3,800 meters.

The term Cuzco-Anta area is used for the small portion of the larger
Cuzco-Anta-Pachar-Huayllabamba-Chincheros area that is enclosed by the
Vilcanota valley between Pachar and Huayllabamba on the northeast, the Anta

and Huatanay valleys on the west and south, and Cerro Huainacorcor on the
east. The area is about 10 kilometers west-northwest of Cuzco city and is
crossed by the Cuzco-Abancay automobile road and the Cuzco-Santa Ana
railroad.

Radioactive anomalies were discovered in 1958 by Gabelman and Jordan
(1959), and the area has been further investigated by Gabelman, Jorda'n, and
Goyburu (1962) and by Jord6'n and Goyburu (report in preparation).

Geology

Country rocks are the Permian Copacabana limestone and Mitu con-
tinental red beds, Cretaceous red sandstones and shales, and Tertiary red
to gray continental sandstones. These beds are tilted upward as hogbacks
against the south flank of the east-west-trending cordilleras Vilcabamba
and Vilcanota, and a series of large parallel anticlines and synclines
extends southward. In the larger area under discussion a large complex
block, truncated by the nearly flat Puna erosion surface, has been dropped
along bounding high-angle faults to form a flat topographic basin enclosed
on three sides by hills and on the north by the Vilcanota canyon eroded
more deeply along one of the bounding faults. Within the dropped block
stratigraphic continuity commonly does not extend more than half a kilo-
meter, whereas outside the block a single fold or bed is continuous for
many kilometers. Because of weakening from preferential deformation most
of the late Tertiary igneous and weak hydrothermal activity postdating block
formation was localized in this block.

Intrusives are small diorite stocks and cylindrical plugs whose tops
were intruded to shallow depths nearly coincident with the present surface.
Small andesite extrusives exist locally.

In the northwestern part of the larger area, in the triangle between
Pachar, Huayllabamba, and Lago Huaypo, the Cretaceous Yuncaypata formation
contains gypsum in an old evaporite basin that did not extend to the south-
ern part of the area. Deformation has caused some of this gypsum to rise as
piercement pipes through overlying formations, but pipes containing gypsum
which pierce beds underlying the gypsum layer may have another origin.

Breccia-pipe structures pierce most of the known formations throughout
the area, and those in areas not underlain by the gypsum basin contain no
gypsum. Some contain diorite, and all contain chaotic mixtures of crushed
and pulverized rocks from different formations. Whereas those overlying
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the gypsum basin may in part be attributed to expansion of gypsum,
others are attributed to explosive volcanic action. The greatest number
of pipes occur in narrow belts enclosing large faults within or bounding
the dropped block.

Mineralization

Hypothermal contact-metamorphic mineralization was associated with
diorite intrusives, depositing epidote, tourmaline, garnet, and quartz
uncommonly and in restricted areas.

Subepithermal mineralization products are common and widespread
throughout the area; most of them are directly associated with breccia-
pipe feeder structures, and to a lesser extent faults, from which they
have selectively spread distances up to a kilometer in permeable sand-
stones. Mineralization was weak and of very low-temperature origin.
Mineralization products include calcite, chlorite, clay, quartz, pyrite,
selenium minerals, rare copper minerals, and radioactive minerals.
Selenium is known by the selenium-indicator plant Astragalus garvancillo.
Uranium is indicated by anomalous radioactivity and a single chemical
analysis of 0.006 percent elemental uranium. Oxidation and leaching are
strong because of proximity to the Puna erosion surface.

Mineralization products are most evident in bleached alteration
pipes which enclose breccia pipes or occur alone. In the area underlain
by the gypsum basin these products do not include selenium or radioactive
minerals, and calcite is less common. Background radioactivity is low.
However, in the triangle between Pukiura, Lago Piuray, and Arco Punco, at
the southeast corner of the larger Cuzco-Anta area, calcite, selenium,
and anomalous radioactivity are abundant and widespread.

Radioactivity

In the Cuzco-Anta area background radioactivity is commonly about
twice that in the larger area, and a substantial percentage of breccia
pipes contain anomalies of up to 6 times the local background. Although
the amount of uranium that might have migrated into permeable sandstones
probably is not significant and many breccia pipes are enclosed by mud-
stone, the breccia pipes range up to several hundred meters in diameter
and are themselves suitable receptacles for economic quantities of uranium.

Sufficient geological work has been done to show the controls over
and localization of possible uranium deposits; however, most anomalies
appear to be too small in size and of too low grade to constitute economic
uranium. It remains to evaluate quantitatively the factor of removal of
uranium from the surface through oxidation and leaching; a specific program
for such an evaluation was recommended to the JCEA.
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Sicuani

Canchis Province, Cuzco Department, 14o 18' S., 710 13' W., + 3,700
meters.

Sicuani village, about 120 air kilometers southeast of Cuzco city,
is in the Vilcanota valley and on the principal route from Cuzco to Puno.
It also is on the Southern Per-d railroad.

Cretaceous and Tertiary red sandstones and shales occupy the region
southwest of the Vilcanota valley between Cuzco and Puno. The Cordillera
Vilcanota northeast of the valley is underlain by exposed lower Paleozoic
metamorphic phyllites and slates for much of the interval between Cuzco
and Puno cities. The Vilcanota valley generally follows a high-angle,
northwest-trending regional fault zone along the southwest margin of the
cordillera, separating the two rock types. At Sicuani the principal fault
is at least 5 kilometers northeast of the valley bottom, and subsidiary
northeast faults control many of the short tributaries, which are perpen-
dicular to the valley on both sides.

Weak, very low-temperature mineralization, similar to that of the
Cuzco-Anta area, was common throughout the length of the Vilcanota fault
zone; it is controlled mostly by the subsidiary faults. From Sicuani to
La Raya, about 30 kilometers, the temperature environment and intensity
of mineralization increase southeastward, and there are base-metal mines
at La Raya. Therefore Sicuani is at the outer and lower end of a
district-scale zonal gradient in an area considered favorable for uranium.

At the Yauri and Puno road junction Tertiary Puno sandstone has been
bleached, sericitized, and pyritized in an alteration pipe about 50 meters
in diameter. Other introduced minerals are siderite, manganosiderite(?),
and quartz. The pipe is locally anomalous to 3 times background (Gabelman,
1959a) and is one of several noted in the area. The area merits additional
investigation although this locality probably contains no significant uranium.

El Vado area

Lucanas Province, Ayacucho Department, 140 37' S., 74o 17' W., * 3,500
meters.

El Vado village is on the west slope of the Rio Lucanas valley, 10 air
kilometers northwest of Lucanas village and 18 air kilometers northwest of
Puquio village. The San Juan de Lucanas epithermal silver mine is 9 air
kilometers southeast of the El Vado mineralized area and represents the
closest higher temperature mineralization, so that El Vado is near the outer
and lower end of a district-scale zonal mineralization gradient.

Country rocks are Miocene(?) felsic pyroclastics and mafic volcanic
flows which have been block-faulted. The principal fault, of northwest trend,
coincides with the Lucanas valley. One kilometer south of El Vado village
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the pyroclastics have been strongly silicified and weakly pyritized over
an area of several square kilometers. Mineralization was controlled by
joints and small faults. Many of the pyritized fissures are anomalously
radioactive to 3 times the background within the area and 7 times the
background outside the area.

None of the radioactive anomalies recognized by Gabelman and Jord'in
suggest economic uranium (Gabelman, 1961b). The proximity of other metals,
the position in a hypothermal regional zone, and the poor permeability of
the rocks suggest that the area is not as favorable for prospecting as the
epithermal regional zones in the eastern Andes; however, small uraniferous
veins may exist in the area.

Rio Viluta area

Chuquito Province, Puno Department, 170 5' S., 690 42' W., 4,300
meters.

Viluta village, in the Rio Viluta valley, is at the head of the Rio
Llusta on the Altiplano of the Cordillera Occidental, 54 air kilometers
northeast of Tarata village and 150 kilometers south of Puno city.

The summit area of the Cordillera Occidental and the western part of
the Lake Titicaca basin are covered with Tertiary felsic volcanics over-
lain locally by later mafic volcanics. The headwaters basin of the Rio
Viluta, between three felsic to intermediate volcanic cones (cerros
Toccoraque, Huancure, and Soravico), apparently was dammed by a flow from
Soravico, and sandstones and limestones were deposited in the resulting
enclosed basin.

Subepithermal mineralization associated with the volcanic vents has
locally silicified and pyritized these beds. A permeable Miocene or
later sandstone bed was selectively mineralized for several hundred meters
along its outcrop and is locally radioactive to 3 times background
(Gabelman, 1961b). Oxidation and leaching seem to be strong.

Although existing evidence for uranium is poor, the optimum low-
temperature mineralization environment, permeable host rock, and extent
of mineralization make further investigation advisable.

4: Radioactive hot springs

Where the source of radioactivity in hot springs has been identified,
radon gas or radium, daughter products of uranium, are responsible.
Because the half life of these products is relatively short (3 to 8 days
for radon, 1,620 years for radium), the source of disintegrating uranium
probably is not far removed from the spring orifice in distance or geo-
logical time. The distance probably is a maximum of thousands of meters.
In several of the known uraniferous regions of the United States radio-
active hot springs are relatively near known uranium deposits, and a common

- 69 -



genetic association is implied. Although the relation is not consistent,
the geographic association can be used as a tool in uranium exploration.

The elements causing radioactivity in Peruvian hot springs are not
known to have been identified and are only presumed to be radon or radium.
The springs are shown on figure 4 and described for their possible spatial
relations to uranium deposits. Some springs occur in areas of known ground
anomalies whereas others occur independently; however, this independence is
not known to result from the absence of associated deposits. Springs di-
rectly associated with known or indicated uranium occurrences in surrounding
rocks are described under Class 3 deposits.

Baios del Inca

Cajamarca Province, Cajamarca Department, 70 11' S., 780 29' W.,
4- 3,000 meters.

The Baios del Inca hot springs are 4 kilometers east of Cajamarca city
in northern Peru-. Water, ranging from tepid to near boiling, emanates from
a large number of vents over an area of several thousand square meters.
The springs are depositing travertine and iron oxides. Other hot springs
near Cajamarca have deposited iron and manganese oxides in addition to
travertine.

Rocks in the area are sharply folded and faulted Cretaceous marine and
marginal marine sedimentary rocks. The nearest known hydrothermal deposits
are epithermal silver deposits, about 15 kilometers to the north.

Radioactivity of water at orifices ranges from background to 100 times
background; the average is about 20 times background. No uranium deposits
in the surrounding area are known, but the strength of radioactivity and the
nearby epithermal mineralization environment suggests the feasibility of more
local reconnaissance.

Chancos

Carhuas Province, Ancash Department, 80 19' S., 770 35' W., 2,800 meters.

The Chancos hot springs are about 3 kilometers by road east of Marcara
village, in the upper Rio Santa valley (or Callejon de Huailas). Marcara is
23 air kilometers northwest of Huards city. The valley here lies between the
Cordillera Negra and Cordillera Blanca of the larger Cordillera Occidental.

Country rocks are Cretaceous marine sediments and marginal marine or
continental red beds that are intruded by a granodiorite batholith to the
east in the Cordillera Blanca. The sediments are locally faulted and
hydrothermal base metallization has occurred in the Cordillera Negra.
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Water issuing from five separate orifices ranges from tepid to boiling,
is charged with C02, and is depositing travertine in four springs and iron
and manganese oxides in the fifth spring. Background radioactivity in the
spring area of several hundred square meters is l-f times the background out-
side the area. Beginning at the old Chancos hotel, springs are numbered 1
to 5, progressing eastward. The water at No. 1 is boiling and at nearly l
times the spring area's background, radioactivity. Spring No. 2, several
meters northeast of No. 1, is at 350 to 400 C. and not abnormally radioactive,
but its travertine deposit is at 3 times the spring area's background.
Spring No. 3 water is at about 750 C. and twice the spring area's background,
whereas the travertine is at background. Spring No 4 water, issuing from a
travertine-lined cave, is above the boiling point. Within the cave radio-
activity averages 10 times the spring area's background, and the walls are
locally 15 times this background. Water from spring No- 5, 80 meters east
of Spring No. 1, is above boiling, is depositing iron and manganese oxides,
and is at the spring area's background radioactivity.

Calca

Calca Province, Cuzco Department, 120 18' S-., 710 56' W.., + 3,700 meters.

The Calca hot springs are 8.3 kilometers northeast of Calca village in
the Rio Cochacc valley, a tributary of the Rio Vilcanota. Calca is 22 air
kilometers north of Cuzco city.

Country rocks are Mitu continental red beds on the south flank of the
Cordillera Vilcanota. The spring is about 2 air kilometers southeast of
the Machu Picchu white granite batholith and about 8 air kilometers south
of the fault between red beds and lower Paleozoic phyllite. The area is
not visibly mineralized but is only 25 air kilometers from the Cuzco-Anta.
uranium area.

Water from the single orifice visited by qableman, Jordan, and Sosa
in 1960 is tepid, is not depositing travertine, and has a radioactivity of
3 times background (Gabelman, 1961b). A small area of pyritic alteration,
lA kilometers southwest of the spring, is at twice background.

Cuyu-Cuyu

Sandia Province, Puno Department, 140 29' S., 690 31' W., 3,414 meters.

Cuyu-Cuyu is near the head of the Rio Sandia valley on the precipitous
eastern slope of the Cordillera Apolobamba, a unit of the Cordillera
Oriental. It is 160 air kilometers northeast of Puno city.

Country rocks are lower Paleozoic phyllites and slates in the core of
the broad arch which nearly coincides with the Cordillera Oriental. The
hot springs are in an area not visibly mineralized but less than 8 air kilo-
meters from the nearest of several large areas of slate and phyllite
mineralized with stockworks of clay, silica, pyrite, and probably gold, which
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are radioactive to an average of twice background. The stockworks are
interpreted as weak subepithermal mineralization.

Gabelman, Jordan, and Sosa visited the hot springs in 1960. Water
from several closely spaced spring orifices at the eastern end of Cuyu-
Cuyu village is tepid, is not depositing travertine, and is at 3 times
background radioactivity (Gabelman, 1961b). Boiling-water springs, 2
kilometers farther east, were not investigated.

Yura

Arequipa Province, Arequipa Department, 160 16' S., 710 43' W.,

4 2,600 meters.

The Yura hot springs are 24 air kilometers northwest of Arequipa
city, on the west slope of the Cordillera Occidental. Large travertine
deposits are associated with the springs. The springs were not visited
by USAEC geologists but are reported. to be radioactive by the JCEA (Peru-,

F
Junta de Control de Energia Atomica, 1957). Descriptive details, however,
are not available.

Carumas

Mariscal Nieto Province, Moquegua Department, 160 48' S., 700 45' W.,

+ 3,000 meters.

The Carumas hot springs lie 48 air kilometers northeast of Moqegua
village, on the western slope of the Cordillera Occidental. The springs
are reported to be radioactive by the JCEA (PerQ, Junta de Control de
Energia Atomica, 1957), but descriptive details are unavailable.

5: Uranium and thorium in pegmatites

Most pegmatites result from a postmagmatic, prehydrothermal process
which can be considered transitional between intrusion and hydrothermal
mineralization. Pegmatitic minerals commonly occupy or are controlled by
fractures in already solidified magmas and thus are similar to hydrother-
mally introduced products; yet once injected into the emplacement space
the pegmatitic fluid differentiates in situ, compositional zones paralleling
the walls, and in this sense is similar to a magma. Because of this depo-
sitional history the rare minerals, including uranium and thorium, are not
completely concentrated but upon crystallization are mixed with less valuable
minerals so erratically as to preclude economic selective mining. In
addition, the quantity of uranium and thorium minerals in pegmatites is so
small, in comparison with the greater quantity in the most favorable sub-
epithermal environment, that exploitation of pegmatites normally is uneconomic.
The known uraniferous pegmatites of Perd conform to these characteristics;
therefore, the pegmatites in the country should not be given strong consider-
ation in exploration.
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On the JCEA map of radioactive localities in Perti (Peru-, Junta de
Control de Energfa At6mica, 1957) radioactive pegmatites are indicated
at Pacasmayo in La Libertad, Lares in Cuzco, San Jose in Arequipa, and
Pampacolca in Arequipa, but information is available only on the Pampa-
colca pegmatite, which was visited by AEC and JCEA geologists.

Pampac olca

Castilla Province, Arequipa Department, 150 441' S., 720 33' W.,
3,600 meters.

The Pampacolca pegmatite district is in the Cordillera Occidental
at the head of a tributary of the Rio Majes drainage system, in the
southern foothills of the Coropuna volcano whose peak is 6,615 meters
above sea level. Pegmatites crop out on nearly all sides of the town
of Pampacolca, but the principal ones are at Tarquamina to the north and
Candalaria to the south. A World War II attempt to produce mica from
the Tarquamina area was unsuccessful because of the poor quality of the
mineral.

The pegmatites occur in gneiss of unknown age, overlain by Jurassic
and Cretaceous sedimentary rocks and Tertiary-Quaternary volcanics from
the Coropuna volcano. They are in the sides, and close to the bottom,
of a valley cut into the upland pampa. The trend of the dikes does not
conform to that of the gneiss. Surface exposures of the dikes range
from massive outcrops to narrow veinlets.

The pegmatites consist mostly of quartz and feldspar, with muscovite,
biotite, minor zircon, monazite, iron oxides, and garnet. Extremely small
quantities of columbite-tantalite and uraninite are sometimes found. Of
eleven selected samples two gave positive bead tests for uranium and were
assayed chemically. The results on the samples were:

Percent U308

Radiometric Chemical

O.o4
0.07
0.1
0.08
0.3
0.2
0.2
0.8
0.5 0.0o8
0.5 0.033
0.1

The radioactivity is caused principally by thorium in the monazite, and
there is no possibility of uranium production from this area.
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6: Other syngenetic uranium disseminations in rocks

In Per6 syngenetic primary or first-cycle uranium occurs principally
in granites and rhyolitic pyroclastics although other types of igneous
rocks may also contain a higher, but essentially negligible, proportion of
uranium than metamorphic or sedimentary rocks. Only one diorite stock in

Peru' (on Abra La Raya, Cuzco and Puno departments) has radioactivity of
consistently several times background. The average radioactivity of many
other diorite stocks and even the Andean granodiorite batholith is no
higher than those of the enclosing sediments or metamorphic rocks, and
may be the same as the regional background.

Syngenetic second-cycle uranium, deposited with sediments or trans-
ported during metamorphism, is also indicated to exist in negligible
quantities in Peru, as evidenced by the great variety of rocks with no
variation in background radioactivity. Only the black bituminous shales
of Junin and Lima departments had slightly anomalous radioactivity. The
source of radioactivity has been identified as uranium only in the
Janchiscocha granite and the Junin black shales. At other localities
other elements could be responsible.

Syngenetic uranium occurs as minute disseminations in rocks, and to
become economically exploitable must be concentrated by a later process
involving ground or surface waters. Fractures cutting radioactive rocks
and permeable sediments at their margins are the most likely sites of
concentration of uranium derived from the disseminations, but no evidence
of such concentration was found; thus, the amount of uranium recycled from
these disseminations probably is insignificant.

a: Granites

Excluding granite differentiation facies of the Andean batholith or
related bodies, which are not known to be anomalously radioactive, there
generally are two types of granite intrusives in Peru. White granite
bodies, such as the Machu Picchu batholith and numerous stocks along the
eastern slope of the Andes in southeastern Peri (Quillabamba and Quince
Mil areas, for example), have thus far been found to be nonradioactive.
These have been considered either Permian or Tertiary in age.

Pink granite bodies occur chiefly in Permian or earlier rocks in a
fairly narrow belt in the Cordillera Oriental of central Peri and are
consistently radioactive to about 4 times background. All these granites
probably are of the same age. The Cerro Pucaranra granite, in a Tertiary
volcanic field, may be Tertiary in age or an early hill covered by or
faulted up through volcanics.

Radioactivity at Janchiscocha is known to result largely from dis-
seminated uranium, but the persistent association of pink orthoclase
feldspar with high radioactivity suggests that part of the radioactivity
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may be caused by the K40 isotope or isotopes of thorium or uranium
locked in such minerals as biotite or zircon.

San Ramon

Tarma Province, Junin Department, 110 9' S., 750 22' W., 850
meters.

San Ram6n village is 210 air kilometers northeast of Lima at
the junction of the Rio Chanchamayo and the Rio Tulumayo. It is in
the jungle in a valley cut through the Cordillera Oriental.

Country rocks are lower Paleozoic metamorphic phyllites in the
core of and on the axis of a large Cretaceous or early Tertiary
anticline. Lead, zinc, silver, and manganese mineralization occurs
in Permian limestone, about 20 kilometers to the northeast.

A large stock or small batholith of coarse-grained pink granite
cuts the phyllite at San Ramon but also may cut Permian(?) red shales
and sandstone, which dip away from the body on the east side in the
Rio Paucartambo. The granite contains mostly pink orthoclase and
quartz; ferromagnesian accessory minerals are uncommon.

Radioactivity of the granite, where measured by Gabelman and
Rangel, is uniformly 4 Lto 5 times the background common to the en-
closing phyllite or sediments. Local anomalies were not found within
the granite or enclosing phyllite, suggesting an absence of lateral
secretion. This radioactivity is about 15 times the level of a very
low background radioactivity at the head of the Rio Santa Cruz, a
tributary of the Paucartambo, near Oxapampa.

Janchiscocha

Jauja Province, Junin Department, 110 40' S., 750 16' W., 4,400
meters.

The Janchiscocha mine is on the watershed of the Cordillera
Oriental, about 30 kilometers northeast of the town of Jauja, which
is on the railroad connecting La Oroya and Huancayo. The topography
is mountainous with steep slopes, and there are several small lakes
in the area. The mine was formerly owned by the Peru-Molibdeno S. A.
and was worked for molybdenum during the first World War. It was re-
opened in 1936 and shut down in 1946 with the exhaustion of the reserves.

Geology

The area lies along the southwestern margin of one of the large
granite masses that have been intruded into folded sedimentary for-
mations of the Cordillera Oriental. Although close to the contact,
the mine lies entirely within the intrusive.
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The intrusion exhibits a notable amount of jointing, fracturing,
and shearing; its shattered appearance, compared with the Tertiary
intrusives in the Cordillera Oriental, suggests that it may have been
emplaced prior to post-Mesozoic uplift. In most places it consists
entirely of quartz and potash feldspar, with a minimum of accessory
minerals.

The sediments between Jauja and the camp consist mostly of the
crumpled shales, slates, phyllites, and thin quartzite beds that are
correlated with the lower Paleozoic Excelsior series. Near the mine
folded conglomerates and red sandstones of the Permian Mitu group
crop out. Overlying the conglomerates is a thick series of limestone
beds that probably correspond to the Pucara' formation (Lower Jurassic).

The contact between the intrusion and the sediments trends north-
west, roughly parallel to the trend of the sedimentary beds, and is
marked by a prominent breccia zone. More basic facies are exposed near
the contact with the sediments.

Mineralization

The veins range from veinlets to massive structures several meters
thick and tend to have moderate dips. Several veins cut the granite.
Mineralization is almost entirely quartz with small amounts of molyb-
denite and pyrite. Flakes of molybdenite are disseminated through the
quartz. Wall-rock alteration has not been intense and is confined to
silicification and sericitization.

Radioactivity

Radioactivity of the granite ranges to a maximum of 8 times the
areal average and 2 to 3 times that of pyritic veinlets cutting Excel-
sior shales in several slightly mineralized areas to the west.

On the Tercera Laguna level of the mine slight abnormal radioac-
tivity was measured on the walls and back of the adit near the portal
and in a small fracture at the intersection of a drift and crosscut.
On the Santa Teresita level abnormal radioactivity also was observed
in two places. The unidentified radioactive mineral is a pale-green
powdery encrustation. Three other levels with extensive workings had
no abnormal radioactivity.

The maximum radioactivity was about 5 times the background of the
granite, and the total quantity of mineralized material is negligible.
Since a search of all the workings and the surrounding area on the
surface showed no signs of primary uranium minerals, it is believed
that the secondary radioactive mineral is not associated with the hydro-
thermal veins of the area. It probably is being leached out of the
country rock by ground water circulating through the fissures and rede-
posited as the thin encrustation. Because the country rock is a
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feldspar-rich, crystalline acidic rock, it may contain a relatively high
proportion of radioactive accessory minerals.

The Janchiscocha occurrence is the only suspected instance of probable
lateral secretion of uranium in Peru. Its uniqueness among more than 60
radioactive occurrences plus its comparative insignificance suggest that
lateral secretion was not an important mineralization process in the
explored parts of Peri.

Cerro Pucaranra

Huamanga and Cangallo provinces, Ayacucho Department, 130 25' S.,

720 03' W., 4,250 meters.

Cerro Pucaranra is 32 air kilometers southeast of Ayacucho city on the
road between Ayacucho and Andahuaylas and lies on the summit of a flat plateau
projecting eastward from the crest of the Cordillera Occidental. The plateau
represents the old Miocene Puna erosion surface which has been covered by
upper Tertiary rhyolitic tuffs and ashes, then by mafic (andesitic ?) lava
flows. In exposures on the sides of the plateau (15 kilometers toward Ayacucho
on the northwest and 10 kilometers toward the Rio Pampas canyon on the east)
the volcanics overlie a great thickness of truncated Cretaceous and older sedi-
mentary rocks and probably aggregate more than 1,000 meters.

Cerro Pucaranra and the neighboring topographically mature hills
rising from the plateau are developed on a pink granite stock whose con-
tacts have not been observed. The granite is composed of uniformly
coarse-grained granular pink orthoclase and quartz with a minimum of visible
accessory minerals, and is locally cut by thin pegmatites filling fractures.
The presence of the granite in the extrusive matrix is unique because it
-obviously crystallized in a high-temperature environment that was sealed from
the surficial environment by a chilled zone or at considerable depth.
Because of the great thickness of volcanics the stock was probably raised
through them along faults rather than being left as an erosional hill prior
to volcanism. Much of the granite has been argillized, probably by hydro-
thermal solutions, leaving irregular areas of fresh granite which form bold

outcrops. Only one short interior fault was found.

Virtually all the granite is uniformly radioactive to about 4 times
the level of fresh volcanics and to a local maximum of 7 times. Argil-
lized areas are anomalous to a maximum of 10 times this background. The
single fault, the pegmatite, and numerous joint planes were not selec-
tively more radioactive than the average for the granite, suggesting a
minimum of leaching of radioactive minerals from granite prior to its
complete destruction.
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Cerro Verde area

Arequipa Province, Arequipa Department, 150 35' S., 710 35' W.,

+ 2,700 meters.

The Cerro Verde area, about 15 air kilometers south-southeast of
Arequipa city on the road between the Panamerican Highway and Arequipa,
is in the western foothills of the Cordillera Occidental.

Moses and Citolo mapped the area in 1957 and found it to be under-
lain by folded Mesozoic sedimentary rocks cut by western stock outliers
of the Andean granodiorite batholith. Magmatic differentiation of the
batholith is indicated by stocks ranging from diorite to quartz porphyry.
More acidic stocks are younger than mafic stocks, and igneous activity
continued into late Tertiary time in the form of explosive volcanic
vents.

A small granite intrusive, lI- kilometers south-southeast of
Kilometer 35, on the road between the Panamerican Highway and Arequipa,
has background radioactivity 2 to 3 times that of sedimentary rocks and
most other intrusives. Radioactivity in the mapped area ranges from 2
to 8 times the granite background, the highest radioactivity occurring
along or near northwest joints within the granite. This suggests some
migration of radioactive constituents from the rock toward fractures,
but the amount of such lateral secretion is minor. An anomaly also was
found in another granite stock 6 kilometers northwest of the first.

b: Other intrusives

Abra La Raya

Canchis and Melgar provinces, Cuzco and Puno departments, 140 29' S.,
710 00' W., 4,300 meters.

Abra La Raya is at the head of the Rio Vilcanota on the road and
railroad between Cuzco and Puno. It is about 150 air kilometers south-
east of Cuzco city.

Cretaceous and Tertiary red sedimentary rocks of the Huancane and
Puno formations have been thrown into longitudinal folds parallel to and
on the southwest side of the Cordillera Oriental. A group of diorite
stocks, several kilometers north of La Raya, cuts these sediments and
supports the cluster of peaks known as the Nudo de Vilcanota. The cluster
of stocks coincides with the strongest hydrothermal mineralization center
for base metals in the area.

The southernmost dioritic stock, largely south of the pass, was
examined by Gabelman, Jordan, and Aguilar in 1958. Earlier it had been
reported as an area of high background on the JCEA map of radioactive
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localities (Perl, Junta de Control de Energia Atomica, 1957). Although
very fresh and unaltered, the diorite is uniformly 3 to 4 times the back-
ground radioactivity, representing a dissemination of some radioactive
mineral.

c: Rhyolitic pyroclastics

Rhyolites contain uranium in the same disseminated form and by
virtue of the same formative processes as uranium in granites. Uranium
seems to be universally more common in tuffs and ashes than in flows; it
is not known whether this is due to a greater abundance of pyroclastics
or to the tendency of volatile constituents, which would contain most of
the radioactive minerals, to escape more easily from flows.

Although uranium disseminations in rhyolitic tuffs are not expected
to be economic, they are evaluated as one of the most probable sources of
uranium that could be laterally secreted and concentrated in favorable
depositional sites. These tuffs have a much higher inherent permeability
than granite, and only the plugging of this permeability by the conver-
sion of feldspar to clay would prevent the liberal access of ground waters.
However, investigation shows that the original disseminations of radio-
active constituents commonly have not been disturbed and that the amount
of transfer and concentration is negligible.

Quilmanf area

Canete Province, Lima Department, 120 50' S., 760 24' W., + 600 meters.

The Lomas (hills) de Quilman'a are between the old and new Panamerican
highways, 7 to 30 kilometers north-northwest of Cafete village and a maximum
of 12 kilometers from the ocean.

The Lomas de Quilman6 represent an eroded late Tertiary fault block
composed of generally unfolded Cretaceous marine shales and interbedded
marine lava flows of the Puente Piedra formation. These are overlain
locally by late Tertiary volcanics, including block-faulted rhyolitic
tuffs. Hypothermal, and possibly epithermal, mineralization is present
in the area.

The volcanics normally are not anomalously radioactive. However, a
single, tilted rhyolitic tuff bed, more than 10 meters thick, is uniformly
and consistently radioactive to 4 times the areal background for at least
200 meters along its outcrop (Gabelman, 1960a), the consistency indicating
that the radioactive material has not been disturbed from its original
disseminated state. No anomalies were found in the enclosing rocks.
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Ayacucho basin

Huanta Province, Ayacucho Department, 120 52'-130 00' S., 740 20' W.,
+ 2,400 meters.

This area lies generally between Huanta village and the RIo Mantaro.
Huanta is 20 air kilometers north of Ayacucho city.

Strongly folded and faulted Permo-Carboniferous sedimentary rocks are
unconformably overlain by Tertiary volcanics, which are mostly rhyolitic
tuffs and other fragmental pyroclastics. Moses (1957) reported no locally
anomalous radioactivity in his reconnaissance of the area; however, the
background for the volcanics, which are mostly water-laid ash, tuff, and
bentonitic clay, is 2 to 3 times the background outside the area investi-
gated. This increase would normally represent the difference between
sedimentary and igneous rocks and is indicative only because variations
over different rock types are uncommon throughout much of Peri. The tuffs
there may contain a higher than normal proportion of disseminated radio-
active material which has not been disturbed from its original state.

Tambo Quemado

Lucanas Province, Ayacucho Department, 14o 4o'-45' S., 740 22'-30' W.,
3,700-4,000 meters.

The Tambo Quemado area is on the upper western slope of the Cordi-
llera Occidental and extends generally east 20 to 35 kilometers from Tambo
Quemado village, 25 air kilometers northeast of Nazca city.

Strongly folded Cretaceous and earlier sedimentary rocks along the
eastern margin of the Andean granodiorite batholith are truncated by the
Puna erosion surface which has been covered by a great thickness of late
Tertiary volcanics, consisting of lower rhyolitic tuffs and upper mafic
flows. From Tambo Quemado, near the sedimentary-rock-tuff contact, the
plateaulike surface slopes gently upward and eastward through the nearby
flat-lying tuffs to the upper contact, about 25 kilometers to the east.
The tuff is remarkably uniform in texture and composition, thick bedded
to massive, and unaltered.

All the tuff is uniformly radioactive to about 3 times the background
outside the area of tuff exposures. The lack of variation in joints in-
vestigated within the tuff and near the basal contact suggests that the
disseminated radioactive minerals have not been redistributed by lateral
secretion.

d: Bituminous shales

Bituminous material preferentally adsorbs uranium and any uranium
present in the depositional environment of bituminous shales is syn-
genetically or epigenetically incorporated in the sediment. Although
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substantial quantities of uranium exist in bituminous shales in several
parts of the world (USA, Sweden, USSR) high extraction costs, compared
with more amenable ores, have prevented their becoming a significant
portion of recoverable uranium reserves. The redistribution and con-
centration of uranium by lateral secretion within the shale, or from the
shale into enclosing rocks, would be required to form significant deposits.
This rarely occurs because the environment of existing disseminations is
more favorable for uranium deposition than that of the less bituminous
enclosing rocks. Only one slightly uraniferous black shale is known in
Peru, and this is uneconomic.

Many black-shale localities were examined by JCEA and AEC geologists
prior to 1957, partly because some were associated with vanadiferous as-
phaltite mines. These include the Perla Negra, Interlaken area,
Brillantina, Sillapata - Diamantina, Pomacocha, Yacsacocha, and Dollar
mines or prospects (figs. 3 and 4). The localities are described below
as a group because their uranium content is so low and they represent
the same formation; most of them are described briefly in appendix 3.

In Pasco, Junin, and Lima departments, along the summit of the
Cordillera Occidental, the Cretaceous Machay limestone ranges from 400 to
1,300 meters thick and overlies the Goyllarisquisga sandstone. The Machay
is divided into a lower Chulec formation of Aptian age and an upper Paria-
tambo formation of Albian age (Bellido and Simons, 1957). The Chulec
formation has thin interbeds of bituminous shale between limestone strata.
An older classification considered the upper formation as Machay limestone
and the lower as simply "lower impure limestone." A prominent bituminous
shale between the two formations is believed to be the source of most of
the vanadium and uranium within this shale or in adjoining limestone, but
shale interbeds in the lower formation also contain them.

The dividing shale in particular as well as other lower shales
maintain a generally uniform syngenetic uranium-vanadium content for many
kilometers throughout the region. However, there has been some redistri-
bution of these elements, occasioned primarily by compressive deformation
but partly by the action of meteoric waters. Essentially compression has
caused a distillation of the hydrocarbons by which much of the asphaltite
migrated generally upward into fissures formed during folding, carrying
most of thp vanadium with it; whereas uranium generally remained in the
shales. Consequently most of the old vanadium mines follow asphaltite
veins in limestone and are distributed along both sides of the Cordillera
Occidental from Cerro de Pasco south to Huancayo. Most of the mines are
abandoned.

The content of the shale ranges from 0.005 to 0.01 percent U308.
The richer portions of the shale are believed to have been secondarily
enriched in uranium by destruction of shale by erosion; the dissolved
uranium has been reprecipitated in the shale immediately beneath the
outcrop, as indicated by the progressive decrease in uranium content
from the surface downward.

- 81 -



7: Areas of high background radioactivity

A separate class of radioactive occurrences is designated for areas

having background radioactivity noticably higher than the background of

the enclosing larger area or region and in which high spot anomalies have

not been specifically identified. The origin and source of this anomalous

radioactivity have not been identified, and most of the occurrences also

belong to one of the other six classes. However, they also are separated

because of their generally lower radioactivity.

Although many small areas of this type were found, only four large,
relatively prominent areas are described. These areas have been more or
less completely but weakly argillized and silicified in numerous per-
vasive alteration pipes enclosed by zones in which mineralization of most
fracture walls formed alteration stockworks. In some areas only altera-
tion stockworks occur. Replacement disseminations of pyrite and, in some
cases, specularite or magnetite have been superimposed on the alteration.
Although the pervasively altered centers of alteration pipes may not
contain anomalous radioactivity, their edges and most mineralized
fractures are anomalously radioactive from 1 to 2 times the background.
These areas are then examples of Class 3 occurrences in which probable
hydrothermal mineralization by a radioactive mineral (believed to be
uraninite) was very widespread, but there presently are no known instances
of sufficient local concentration to create a significant deposit. It is
suspected, however, that more careful examination may disclose such con-
centrations somewhere within these areas.

Description of areas of high background radioactivity emphasizes
the greater abundance of radioactive minerals in the epithermal or
subepithermal environments of the eastern Andes than in the mesothermal
and hypothermal central and western Andes. The same type of mineral-
ization is believed to extend along most of the northeast slope of the
Andes.

Rio Higueras

Hudnuco Province, Hudnuco Department, 90 8'- 9' S., 760 15'-30' W.,
2,000-3,000 meters.

The Rio Higueras is a southeast-flowing tributary that joins the
Rio Huallaga at Huanuco city from which a road to La Union ascends the
Higueras valley. Country rocks are lower Paleozoic phyllites and schists
locally intruded by granodiorite stocks. At the head of the valley to
the west these rocks are overlain by upper Paleozoic limestones and red
beds.

The area around Hua'nuco has been hypothermally mineralized and
constitutes an anomalous high-temperature mineralization center in the
eastern part of the mesothermal base-metal zone. Generally weak miner-
alization mostly produced large isolated stockworks of magnetite and
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specularite, the oxidation of which imparts the marked red coloration
to the hills. The most prominent intimately associated alteration was
the selective alteration of biotite and amphibole, but areas of weak
argillization, silicification, and pyritization locally are nearly
coincident. The latter three alterations also occur separately, and it
is not known whether they were a phase of high-temperature mineralization,
or whether they represent a later superimposed epithermal mineralization;
but the latter alternative is suspected because the two types of mineral-
ization normally are incompatible.

Virtually all the stockwork fractures containing disseminated pyrite
and many fractures whose walls contain specularite or magnetite are
selectively radioactive to about twice background. This radioactivity
persists into the area of sedimentary rocks where it is preferentially
associated with bleaching and weak pyritization.

Ocongate area

Quispicanchis Province, Cuzco Department, 130 40' S., 710 20'-35' W.,
3,500-4,200 meters.

The Ocongate area encloses the road between the Vilcanota valley
fault and Ocongate village, on the route from Cuzco city to Quince Mil
village. The highest radioactivity occurs near Ocongate (Gabelman, 1961b)
in a 30-kilomster-long area at least 25 kilometers from any metal-mining
district. The route crossed the summit highland of the Cordillera
Occidental across several tributaries of the Rio Paucartambo. This high-
land represents the old-age Puna erosion surface which has been modified
since uplift.

Country rocks are lower Paleozoic phyllites and schists which
generally have been pervasively and moderately to weakly argillized and
locally silicified and pyritized throughout the entire area. In unaltered
areas pervasive mineralization occurred in stockworks and is believed to
be related to the major Vilcanota fault zone. Pyriti'zation was notably
weaker than in base-metal or gold-mining districts. Virtually all pyritized
areas and fractures are radioactive from l} to 3 times the background for
the area, and the areal background is slightly higher than that outside the
area. Both silicification and pyritization were somewhat stronger about
4 kilometers northwest of Ocongate village, and radioactivity increased to
about 4 times background.

Rio Marcapata

Quispicanchis Province, Cuzco Department, 130 15'-30' S., 710 10' W.,

1, 500-4,500 meters.

The Rio Marcapata is a northeast-flowing tributary of the Rio
Inambari. Its valley contains Quince Mil village and the eastern part
of the road connecting Quince Mil and Cuzco city, and drains a portion
of the northeastern slope of the Cordillera Oriental. Both this and the
Inambari valley are noted for their gold placers, but the source of
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gold has not been identified. The nearest base-metal deposits are in
the Nudo Ayacachi at the head of the valley.

Country rocks are uniformly lower Paleozoic slates and phyllites
in the core of the great Cordillera Oriental arch whose axis crosses the
upper Marcapata valley.

The entire valley area was irregularly and weakly mineralized by
epithermal products, chiefly clay, silica, pyrite, and gold. The
strongest alteration occurred in isolated distinct pipes, most of which
are pipes of stockwork argillization and silicification. Silica, some
clay, and minor pyrite occur in or on the walls of most prominent
fractures within several kilometers of alteration pipes and generally
throughout the valley from its head to at least as low as Cadena village.
These joint fractures and small faults are believed to contain the gold
supplied to placers.

Most of the pyritic fractures and weak pyrite replacement dissemi-
nations are weakly radioactive to about twice background. Radioactivity
to 3 times background is common, and 4 times background was noted locally
(Gabelman, 1961b). The widespread distribution of radioactivity is strik-
ing and indicates that solutions bearing radioactive constituents permeated
large portions of the area; therefore, greater concentrations of radio-
active minerals may exist somewhere within this matrix.

Rio Sandia

Sandia Province, Puno Department, 140 15'-30' S., 690 25'-35' W.,

2,000-4,500 meters.

The Rio Sandia is the middle of the three main branches of the
Rio Inambari at its head and drains the north end of the Nudo Apolobamba
group of peaks. Its valley contains a road connecting Sandia village,
midway down the valley, with Puno via a pass in the Nudo Apolobamba. The
valley is on the northeast slope of the Cordillera Oriental and is noted
for its gold placers.

Country rocks are universally lower Paleozoic slates and phyllites in
the core of the Cordillera Oriental arch.

The entire valley was weakly mineralized by epithermal solutions which
introduced principally clay, silica, pyrite, and gold into many of the
prominent fractures. Several pipes of weak stockwork mineralization are
evident between the pass and Cuyo-Cuyo village; others are believed to exist
lower in the valley but are obscured by jungle. The nearest base-metal de-
posits are on the cordillera crest, northwest of the Nudo Apolobamba and at
least 30 air kilometers from the valley head.

Virtually all pyritic areas are anomalously radioactive to l and com-
monly 2-21 times background, and the Cuyu-Cuyu hot springs also are radioactive
(Gabelman, 1961b). The maximum radioactivity of 4 times background, was ob-
tained northeast of Sandia at the greatest distance from the base-metal deposits.
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CONCLUSIONS AND RECOIMNDAT IONS

Comparison of figures 1, 2, 3, and 4 demonstrates that the region
of greatest saturation of uranium-exploration coverage in Peru generally
coincides with the summit region of the Andes where topographic relief
is least, rock exposures are optimum, and access is easiest. The less
accessible western slope is much less explored., and the eastern slope
and Amazonas basin of most difficult access are relatively unexplored.
Nevertheless the distribution of uranium in the most explored region is
such as to demonstrate the zonal arrangement of the several environments
of uranium and to suggest the environments and less explored regions
which are most favorable for its occurrence.

First-cycle syngenetic uranium in granites, with one exception, is
restricted to a narrow belt of unique pink granite along the eastern
slope of central Perd. First-cycle syngenetic uranium in rhyolitic tuffs
apparently is restricted to a small portion of the summit and western
slope in southwestern Pern. Second-cycle syngenetic uranium in sedi-
mentary rocks is restricted to the central Andean summit area in Lima
and Junin departments. These three types of occurrences are not eco-
nomically significant.

Virtually all other known uranium occurrences are hydrothermal,
and any economic uranium occurrences in Perd are believed likely to be of
this type. Nearly all the localities at which uranium is responsible
for anomalous radioactivity are deposits which have been developed for
metals other than uranium, and the uranium therein is universally un-
important. Although many deposits with only traces of uranium (Class 2)
may also contain uranium minerals, the general prominence of Class 2
deposits west of uranium-mineralized Class 1 deposits suggests a greater
abundance of uranium in the central Andean mesothermal zones than in the
western hypothermal zones. The occurrence of the greatest number of
radioactive localities in mesothermal zones is an even stronger indication
of this zoning. Most Class 3 and Class 7 localities occur near or in
the eastern Andean epithermal zones, and these are the most promising of
the known occurrences for containing greater quantities of uranium. Thus
an increase in the amount of uranium in lower temperature environments
away from other metal deposits is indicated. Class 3 localities in the
mesothermal zones illustrate local mineralization temperature-intensity
gradients decreasing away from more strongly mineralized centers.

The above distribution of localities suggests a gradient in the
quantity of uranium in hydrothermal deposits which increases northeast-
ward across the Andes, coincident with the established regional miner-
alization temperature-intensity gradient which decreases in the same
direction. If uranium occurs in Peru under the same environment as known
deposits elsewhere in the Western Hemisphere cordillera, the greatest
quantity will be found near the margin of the orogenic belt or in less
deformed outliers where low-temperature mineralization occurred at shallow
depths. In this region hydrothermal solutions presumably flowed at such
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shallow depths that they may have acted like or charged existing ground
waters and would migrate readily in permeable sedimentary rocks.

Both the gradients mentioned can be projected into the little known
eastern Andes and Amazonas basin where the most favorable geologic condi-
tions for uranium are indicated to exist. Deformation of rocks has been
least intense marginal to the Andean foreland, and Mesozoic and Tertiary
sedimentary rocks provide favorable conditions for uranium migration and
precipitation. In addition, epithermal and subepithermal mineralization
constitute the dominant types which are known, and telethermal mineraliza-
tion is suggested by the bleaching and pyritization of selected sedimentary
beds in the Amazonas basin.

Telethermal or ground-water uranium deposits in a very similar geologic
environment on the eastern slope and foothills of the Andes in Argentina
contain the greatest quantity of currently known uranium in the southern
Andes. Similar geologic and hydrothermal conditions are indicated along the
entire eastern slope of the Andes throughout most of South America; only the
presence of jungle differentiates the northern from the southern portion.

Although the negative results of the extensive exploration for uranium
in Peru would seem to indicate otherwise, the uranium possibilities of the
country are considered generally good. Unfortunately, the most favorable
and least explored regions are the most difficult and expensive to prospect,
and any uranium discovered will be subject to high exploitation costs.
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APPENDIX 1. INDEX OF METAL DEPOSITS OF PERU.
(as shown in figure 2)

Ancash Department

Alta Gracia
Antamina
Cabana
Callan
Caras (Huata)
Carhuas
Carmen
Casualidad
Casualidad

Chacas

53
95
64
88
71
76
61
il

96
78
79

107
85
57
80

110
94
62
108

84
63
92
86
91
82
81
87

105
68

102
73
77
104
112
60
55
52
72
70
98
74

Zn-Pb-Cu-Fe
Cu-Pb-Zn-Mo-Sb-Ag
Au
Sb-Cu
Gray Cu-Ag
Gray Cu-Ag
Cu-Ag
Pb-Ag
Zn-Pb-Cu-Ag

Gray Cu-Ag

Pb-Zn
Pb-Zn
Au-Ag
Zn-Pb--Cu-Ag
Cu
Zn-Pb-Cu-Ag
w
Pb-Ag

Zn-Pb-Cu-Ag
Au
Gray Cu-Ag
Gray Cu-Ag
Gray Cu-Ag
Gray Cu-Ag
Zn-Pb-Cu-Ag
Pb-Sb
Fe-gray Cu-Ag
Gray Cu-Ag
Au
Au-Fe
Gray Cu-Ag
Cu
Pb-Ag
Zn-Cu-Pb
Cu
Cu
Pb
Cu
Zn-Pb-Cu-Ag
Fe-Ag
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Chiquian
Cinco Hermanos
Condor
Don'a Barbara
El Dorado
Fortuna
Herna'n
Huallac Milagro #1, Huallac Milagro #2,

Viejas del Huallac, Huallac Santo
Toribio, Minas Huallac Trinchera Tres
Amigos

Huamanin
Huandoval (Cabana)
Huaras (east)
Huaras (northwest)
Huards (southwest)
Huarj.
Huasapacha
Huascar
Huasta (Chiquian)
Huaylas
Lago Conococha
Lampanin
Marcara
Mantamina
Mayosh
Mercedes
Muque
Nevado de Pelegatos (Mollebamba)
Paccha
Palillo
Pallares
Pamparomas (Caras)



56
89
66
54
83
67
75
59

101
97

109
58
90
69
65
93

100
99

106

103

Pampas
Pariacoto
Pasacancha
Pasto Bueno
Pitscaraqui
Potrero
Quillo
Relicario
Rio Huarmey
Rosita de Oro
Rucuminas
San Juan Bautista and Atahualpa
Santa Elena
Santa R6mula
Sihuas
Shushumia
Succha
Ticapampa
Tres Marias, Carmelita, La Florida and

Santa Marta

Apurimac Department

Andahuaylino
Andarapa
Antabamba
Azulcaca (southeast of Progresso)
Buena Fe (Abancay)
Calca (Cotabambas)
Calca (west of Caraibamba)
Calvario (Huayllati)
Ccasa
Ccochasayhuas (Nevado Inticancha)
Cerro Caivario (Cotabambas)
Charona (southeast of Progresso)
Cia Minera Ayahuay
Cristo de Los Andes (Mara)
Cristo Rey Esperanza
Cupiza
Curahuasi
East of Progresso (Chalcabamba)
El Porvenir
El Trabajo
Ferrobamba (Huanacupampa)
Huancabamba
Huascacocha
Huayllaripa
Kishuara (Cavira)
Km. 50

Cu
Cu
Au
Cu
Cu-Zn-Pb
Cu
Pb-Zn-Ag
Pb-Zn-Ag
Zn-Pb-Cu-Ag
Au
Cu
Cu
Zn-Pb-Cu-Ag
Cu
.Au
Pb-Cu
Pb-Zn-Ag
Cu
Zn-Pb-Cu-Ag
Cu
Cu
Fe
Zn-Pb-Cu-Ag
Au placer
Cu
Cu
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Fe-Ag
Cu
Pb-Zn-Cu
w
Zn-Pb-Cu-Ag
Cu
Fe
Fe-Cu
Gray Cu-Ag
Zn-Pb-Cu-Ag
Pb-Ag
Cu-Ag-Fe
Cu-Ag-Fe-Pb-Zn
Pb-Fe
Fe -Ag
Zn-Pb-Cu-Ag
Gray Cu-Ag
Pb-Zn
Pb-Ag

Gray Cu-Ag

335
297
342
322
302
316
337
314
327
321
315
324
334
326
329
304
306
320
333
336
325
299
310
340
300
301



341
328
307
298
331
318
332

319
339
311
305
317
309
330
338
323
308
313
312
303

431
474
464
463
482
475
508
477
503
455
444
457
497
437
505
493
506
489
48o
439
456
46o
454
461
441

La Esmeralda
La Esperanza
Lambrama (Payonja)
Landa
Maria Esther
Nahuinlla (Chicurina).
Northeast of Challhuanca (Ayahuay-

Pachaconas)
Northeast of Progresso (Facomarca)
Palca
Palpacachi (Alcobamba)
Pichirhua (Aurora Luz)
San Juan (Cotabambas)
San Juan de Atancama
Saraica
Cerro Piste (Caraibamba)
Sulfabamba (southeast of Progresso)
Tierra Santa (northwest of Lambrama)
Veta Angostura and Veta Yuringa
Yuringa (north of Chuquibambilla)

Arequipa Department

Acari
Alcavictoria
Alpacay
Andaray
Antana (Patillani, north of Imata)
Arcata
Batija (Cocachacra)
Cailloma
Calahuani (Quilca or Arequipa coast)
Calpa
Capitana, Capitana No. 2 and San Juan
Carmen
Carmen
Casualidad
Catayane (Mollendo)
Cerro Subilaca
Cerro Tarpuy (Mollendo)
Cerro Verde
Chachos (Andagua area)
Chola
Cordova
Doris San Francisco
El Venado
Eugenia
Gama

Fe
Au
Au
Au
Cu
Pb-Zn-Ag
Cu
Pb-Zn-Ag
Fe ?
Au
Au
Au
Cu
Cu
Fe ?
Cu
Fe ?
Cu
Zn-Pb-Cu-Ag ?
Fe
Au
Au
Au
Au-Cu-Fe
Au
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Pb-Zn-Ag
Au
Cu
Cu
Zn-Pb-Cu-Ag
Pb-Zn-Ag
Au

Cu
Pb-Zn-Ag
Cu
Cu
Pb-Zn-Ag
Cu-Pb
Pb-Cu-Zn
Cu
Cu
Cu
Au
Cu
Cu



430 Genova (near Acari)
435 Germania (near Acari)
487 Gloria
488 Gral San Martin
469 Huacan
471 Huanzo (Cotohuasi)
485 Huasamayo
458 Huayllura
472 Huaynacota (Cotohuasi)
502 La Lechuza (Quilca or Arequipa coast)
436 La Maria (near Jaqui)
470 La Planchata
434 La Victoria (near Acari)
481 Liapa
498 Lingo
510 Machulen (Cocachacra)
443 Maria
462 Monteclaro
491 Nancy
500 Nicho (Quilca or Arequipa coast)
459 Palmeras
440 Porvenir
433 Purissima (near Acari)
509 Quelgua (Cocachacra)
495 Quequeffa
486 Quishuarani
494 Rescate
483 Rio Blanco (Cerro Chucca)
504 San Antonio (Quilca or Arequipa coast)
438 San Francisco
442 San Francisco
499 San Jose
496 Santa Catalina
507 Santa Catalina (Cocachacra)
479 Santa Rosa de Lima (Andagua area)
490 Se'nor de Huanca
492 Sierra Morena (Sabandia)
448-
453 Six deposits at Chaparra

476 Sucuitambo
501 Tambillo (Quilca or Arequipa coast)
;04 Tarcanta
478 Tintaimarca
473 Two deposits at Chuquibamba and Huan-

carcona
465-
465 Urasqui gold districts (Posco)

Cu
Cu
Cu
Cu
Fe
Au
Au
Au
Au
Fe ?
Au
Fe
Cu
Cu
Cu
Cu
Au
Au
Cu-Pb
Fe ?
Au
Au
Cu
Cu
Cu
Au
Cu
Pb-Zn-Ag
Fe ?
Cu
Au
Cu
Cu
Cu
Zn-Pb-Cu-Ag ?
Pb-Zn-Ag
Pb-Zn-Ag

Au

Au
Fe ?
Au
Pb-Zn-Ag
Complex

Au
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Ayacucho Department

271
287
280
279
272
286
283
289
295
269
285
292
270
290
291
273
282
278
288
277
293
296
268
281
274
294
276
275
284

Apacheta
Carapo
Ccasa
Chaupimayo
Cochas
El Porvenir
La Abanquina
Llauta
Los Incas
Luricocha
Mioc
Negromayo
Northeast of Tambo
Ocani'a
Otoca
Pacchacc
Pomabamba
Rapi
Rio Caracha (south of Carapo)
San Javier
San Juan de Lucanas
San Luis
Santiago
Santo Domingo
Senccan and Curoqui
Southwest of Puquio
Taya'casa
Titipucru
Urpayhuaico

Cajamarca Department

Algamarca
Amulaya
Araqueda
Balsas
Cajamarca
Chilete
Chimu
(Colosay)

Cu-Ag-Sb
Cu-Ag-Pb-Zn-Sb
Zn-Pb-Cu
Ag
Ag
Pb-Zn-Ag
Complex
Ag
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432
445
446
447

Cu
Cu
Au
Cu

Mn
Au
Cu-Fe
Pb
Pb
Cu
Cu-Ag
Au
Au
Gray Cu-Ag
Au-Fe
Au
Fe-Ag
Au
Au
Ni-Pb-Fe
Cu-Fe
Ni-Cu-Ag
Au
Au-Fe
Gray Cu-Ag
Au
Pb-Cu
Cu-Zn
Ni-Fe
Au
Pb-Fe
Pb-Zn
Pb

27
24
28
15
14
16
22

8



18
13
21
10
11

7
19
20
17
26

9
25

4
5
6

El Azufre
El Punre
El Toro
Hda. Udima
Hualgayoc
(Jaen)
Mascota
Minas del Suro Amarillo
Morochillo
OQuanta
Querocoto
Sayapullo

Cuzco Department

Altamir
Amanece
Cahuide
Carhuay
Carmen
Cata
Charama
Checacu
Checca
Choquet

Ccolqu

a and Inquilpata
r

a

iy (Ccolquemarca)
ipe

bacarpo

emarca

Condorjaja
Condoroma
Cristo Ascencion
El Milagro
Heriberto
Huallahualla
Huamanapi
Huarca
Huashuacocha and At6mica No. 1
Huilcani (Velille)
Huiscapata
Igma
Imeldo
Jndith
Katanga (northeast of Velille)
La Caprichosa
La Esperanza

La Raya district

Lares
Leonor

Pb-Ag-Cu-Sb
Miscellaneous
Miscellaneous
Au
Miscellaneous
Pb-Zn-Ag
Miscellaneous
Miscellaneous
Cu
Cu

Miscellaneous

Pb-Zn-Ag
Pb-Zn-Ag
Complex
Complex
Miscellaneous
Gray Cu-Ag
Cu-Co-Ni-U
Cu
Cu-Ni-Co-U
Pb-Zn-Ag
Au
Gray Cu-Ag
Cu
Pb-Zn-Ag
Cu
Miscellaneous
Complex

Complex

Complex-U
Cu-Pb-Ag
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Cu
Pb-Ag-Cu
Cu
Au
Pb-Ag-Cu
Au-Ag
Cu
Cu
Cu
Cu-Pb-Zn-Sb
Ag
Zn-Pb-Cu
Au placer
Au placer
Au placer

365
391
395
378
380
429
401
384
411
357
402-
4o14
381
428
373
367
424
388
350
425
348
405
379
354
392
389
4o6
383
376
414-
422
371
368



369
364
358
390
408
394
377
396
382
345
346
356
427
344
352
362
385
375
347
366
372
351
361
397
370
359
399
41
363
407
426
353
398
409
374
355
360
343
412

393
4oo
349
386
387
413
423

Leonor de Chacatera
Lida
Lida
Lidaura
Livitaca (Uranio)
Mal Pagada
Manco Copac
Maria Elena
Maruja
Minaspata (Vilcabamba)
Negrillas (Lucma)
Nevado S.oirococha
Ocoruro
Pampaconas
Paso Chuquito
Portahuaylla
Rfo Nusiniscato
Rio Paucartambo
Sigitay (Vilcabamba)
Salcantay
San Andres
San Antonio
San Antonio
San Antonio de Padua
San Cipriano
San Juan
San Marcelo (south of Ccapacmarca)
San Miguel (Checca)
Santa Elena
Southwest of Livitaca (Yanocochu)
Tintay
Titiminas
Tres Amigos
Uriel (Checca)
Urubamba (Calca)
Verde Ccocca
Victoria
Vista Alegre
Yanacaca
Yanacocha
Yanque (Ccolquemarca)
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Cu
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Cu
Miscellaneous
Au
Miscellaneous
Miscellaneous
Cu-Ni-Co-U
Cu-Ag-Pb
Cu-Pb-Zn
Miscellaneous
Cu-Ni-Co-U
Cu-Pb-Zn
Pb-Zn-Ag
Au placer
Au placers
Zn-Pb-Ag
Pb-Ag-U-gray Cu
Pb-Zn-Ag
Complex
Pb-Zn-Ag
Cu
Complex
Pb-Zn-Ag
Pb-Zn-Ag
Miscellaneous
Pb-Zn-Ag
Cu
Cu
Pb-Ag
Pb-Zn-Ag
Miscellaneous
Complex
Gray Cu-Ag
Pb-Zn-Ag
Cu-Ni-Co-U
Cu
Pb-Zn-Ag
Miscellaneous
Cu-Ni-Co-U
Au placer
Au placer
Cu
Cu



Huancavelica Department

250
241
246
245
249
227
225
243
236
248
238
232
247
230
242
224
237

235
229
231
240
239
223
228
222
244
234
226
233

Accoccasa
Bonanza
Borbollona and Huachana
Buena Suerte No. I and No. 2
Chalhuamayo district
Condoray (Julpamarca)
Corpus Christi
El Dolar
Emmita
Encantadora
Esperanza
Huachocolpa
Huaicara
Julcani (Lircay)
La Lira and Carmen
Paucarbamba
Peseta, Ruelo, Caudalosa Chica and

San Inocente
Poderosa and Coquito
Restauradora
Rublo
San Francisco
San Genero (Quispisisa)
San Lorenzo
Santa Barbara
Sapallanga
Tinllaclla (Huachos)
Vulcano No. 1

Hua"nuco Department

Antonio Ingunza
Cairan (Cauri)
Chavin de Pariarca
Huallanca
Huanca
Huanuco
Quio
Rondoni
Santa Brbara
Southwest of Huallanca (Aquia)
Tres Alcantarillas (Carpish)
West of Bai'os (Chiquian)
Yanapachu

Cu
Cu
Au
Gray Cu-Ag-Au
Pb-Ag
Fe (magnetite)
Cu
Ag-Cu-Fe
Pb-Ag
Fe-gray Cu-Ag
Au
Fe-gray Cu-Ag
Pb-Ag-Fe
Fe-gray Cu-Ag
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Pb-Zn-Cu
Gray Cu-Ag
Pb-Cu
Cu-Pb
Ag-Pb-Cu
Fe -Ag
Cu -Pb-Ag
Au
Complex
Cu-Au
Pb-Cu
Gray Cu-Pb-Zn
Cu-Ag
Ag
Pb-Cu-Zn
Gray Cu-Ag-Au
Complex

Complex
Pb-Hg
Cu-Pb-Zn
Gray Cu-Ag
Ag
Cu
Hg
Cu-Au
Cu
Pb-Ag-Ba
Fe-Ag
Gray Cu-Ag

113
122
116
118
114
123
115
126
125
119
117
121
124
120



Ica Department

Azurita
Bolivar
Conta
Cuartillo
Eliana
Fortuna
Ica
Los Incas
Marcona
Mayo
Saramarca
Sol de Oro
Tingue area

Junin Department

Alejandria
Cercapuquio, San Jorge
Cerro de Pasco nickel claim
Chanchamina
Chinita
Comas
Huacravilca
Janchiscocha
La Merced
Morococha
Palcamayo
San Cristobal
Tuctococha

Complex
Cu-Pb-Zn-Ag
Ni
Pb-Zn
Pb-Cu
Fe-Ag
Cu
Mo
Mn
Cu-Zn-Pb-Ag
Au
Gray Cu-Ag
Complex
Pb
Pb-Zn
Ag-gray Cu ?
Gray Cu-Ag
Cu-Pb-Zn-Ag

La Libertad Department

Alta Gracia
Andes No. 2
Arteza and La Zata
Buldibuyo
Capachique
Cerro Chugur area
El Gigante and Lastenia

Cu
Ag-Pb-Au-Cu
Au-Pb
Au
Fe
Complex
Au
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258
255
253
257
254
256
260
266
267
259
264
265
262
251
252
261
263

Cu
Cu
Cu
Cu
Cu-Fe
Cu
Cu-Ag
Au-Cu
Fe
Cu
Au-Cu
Au
Cu
Cu-Pb-Zn
Cu
Cu-Ag
Cu-Ag

154
162
159
150
152
153
16o
151
145
155
149
156
158
146
147
148
157
161

39
43
36
45
32
29
44



46
35
50
34
49
33
37
48
47
41
38
4o
23
31
30
51

El Sol Naciente
El Toro
Fray Martin
Huamachuco
Iris
La Florida
La Loma el Plomo
La Toma
Monte Carlo
Parcoy
Pataz
Pias
Punta Moreno
Quiruvilca
Salpo
Tamboras (Sitabamba)

Lambayeqgue Department

12 Mercedes

Lima Department

Alpamarca
Andajes Churin (Parag)
Anticona
Arahuay
Bellavista
Boston and San Juan
Cajatambo (Raura)
Callanga
Canta
Capillapata
Carachacra (Chosica)
Carampoma
Casapalca
C cachacuay
Chanca
Chupa
Chuspe
Climax
Coayllo
Colque
Condor, Pariacancha and Shillapata
Consuelo
Fundo Viscachero
Huachoc
Huarmicocha
Huascuasenga
La Punta

Zn-Pb
Cu
Cu-Zn-Pb-Ag
Cu-Ag
Pb-Zn-Ag
Pb-Zn-Cu-Ag
Gray Cu-Ag
Cu
Pb-Zn
Ag-Cu
Ba
Gray Cu-Ag
Zn-Pb-Cu-Ag
Cu-Pb-Zn
Cu
Pb-Cu
Pb-Zn-Cu-Ag
Mo-Cu
Cu
Pb-Zn-Cu-Ag
Pb-Zn-Cu-Ag
Cu-Pb-Zn-Di
Cu-Mo
Au-Cu
Cu-Ag
Cu-Ba
Cu
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Cu
Pb-Au
Pb-Ag
Cu-Ni
Pb-Zn
Cu-Zn-Pb-Sb
Fe
Cu
Cu
Au
Au
Au
Ag-Au
Pb-Zn-Ag-Cu
Ag-Au
Zn-Pb-Cu-Ag

Ba

180
171
200
187
183
208
168
215
186
172
203
191
201
213
166
184
195
173
219
194
196
176
214
189
221
182
218



193 Maria Teresa
210 Millococha San Alejandro, Santiago,

Purisma, Santa Maria and Pilarica
177 Mina de Antimonio
216 Nazareno
170 Nino Perdido
175 Pacaraos (Rio Chancay)
185 Pallac (Rio Chancay)
212 Palma (Rio Lurin)
163 Pamplona and Cuta
188 Picchu Picchu
204 Punto Fijo and Siete Estrellas
164 Rapay
169 Raura
178 Rio Pallanga
165 San Antonio
217 Santa Maria de las Nieves
179 Santander
167 Santa Rosa
181 Santa Rosa
209 Siberia and Germania
198 Tamboraque
189 Veta de Quebrada Tranca and Santa Rosa
190 Veta Ramos, Veta de Portachuelo and

Vetas Jane
202 Virgen del Perpetuo Socorro
174
192
197
199
205
206
207
211
220 Yauricocha

Pb-Zn-Cu-Ag
Pb-Zn-Cu-Ag

Sb
Cu
Ag-Pb-Cu
Cu-Ag
Cu-Ag
Gray Cu-Ag
Cu
Pb-Cu
Pb-Zn-Cu
Cu
Cu-Pb-Ag-Zn
Cu-Pb-Zn-Ag
Cu
Cu
Zn-Pb-Cu
Cu
Cu
Pb-Zn-Cu-Ag
Pb-Zn
Cu-Ba
Pb-Ag-Cu-Zn

Complex
Gray Cu-Ag-complex
Cu-Pb-Zn
Cu-Ag
Gray Cu-Ag
Gray Cu-Ag
Cu-Ag
Zn-Pb-Cu-Ag
Gray Cu-Ag
Cu-Pb-Zn-Ag

Moquegua Department

Calucaya and Crusani (Ichuna)

Carmen Vitalicia
Cerro Chahari
Chapi
Chilatilla (Ilo)
Chimbuyo (Ubinas)
Chingleya (Carumas)
Coronche
Cuajones
Esquino (southwest of Omate)
Jesus Maria
Jitohuain (southwest of Onate)
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654
655
662
669
661
683
657
675
674
676
667
656
668

Pb-Zn-Ag

Cu
Cu
Cu
Cu
Pb-Zn-Ag
Cu
Pb-Ag
Cu
Cu
Pb-Ag
Cu



681
671
677
658
660
664
670
678
666
685
665
653
663
684
68o
682
679
673
672
659

Licama (Ilo)
Lojos (Carumas)
Magistral y Altas
Matalaque
Muilaque (Carumas)
Osabaya
Pampa Negra (southwest of Omate)
Quellaveco
Quequesana (southwest of Omate)
Ricardo I, Cerro Pelado
Rio de La Capilla
Salhuani (Ichun'a)
San Francisco
San Juan
San Juan
Santiago Valparaiso, Chaspaya (Ilo)
Sipinguilani
Talabaya (Carumas)
Ticsani (Carumas)
Tres Amigos

Pasco Department

Atacocha
Cerro de Pasco
Colquijirca
Hope and Olivo
Huachon
Huariaca
Huar6n
Marcocancha-Mina Verde
Milpo and Machican
Minasragra (Jumasha)
Oxapampa
Quinua
San Alberto
San Gregorio
Seffor de Cochas
Veta Yanabin, Hilda and Maria
Yanahuanca (northwest)

Gray Cu-Ag
Cu-Zn-Pb-Ag
Cu-Zn-Pb-Ag
Pb -Mn-Ag
Au
Pb-Zn
Cu-Pb-Zn-Ag
Cu-Pb-Ag
Pb-Zn-Ag
v
U
Gray Cu-Ag
Cu-U ?
Bi-Ag
Pb-Sb
Cu-Pb-Zn-Bi
Pb-Zn
Pb-Zn

Piura Department

Au
Au placer

Cu
Cu
Pb-Zn-Ag
Pb-Zn-Ag
Cu
Cu
Cu
Cu
Cu
Fe ? -Miscellaneous
Cu
Pb-Zn-Ag
Cu
Cu
Cu
Cu
Cu
Pb-Zn-Ag
Miscellaneous ?
Cu-Pb-Zn

134
137
139
141
142
133
129
130
135
128
144
136
143
140
132
131
127
138

2
3

Ayabaca
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Puno Department

Arcocunca

A joyani

Alto Cielo Romana (Macusani)

Ancocala

570
539
519
544
576
577
591
531
582
581
601
533
627
634
646
530
561
554
514
532
542
568
536
6o8
511
524
567
632
649
628-
630
641
580
537
618
636
517
585
555
597
595
546
620
619
571
651
548
523

Antaymarca
Aporoma (Sandia area)
Asuncion (Putina)
Asunta (Putina)
Balsa Negra
Benditani
Bernardo Boit (Vilque)
Bonanza (Vilque)
Cacachara (Nevado Huayasa)
Cachi Cachi (Sandia area)
Candelaria
Cangalle (San Anton)
Cantuta
Carahuarcuna (Patambuco)
Casualidad (Macusani)
Cecilia (Crucero)
Cerro del Inca, Casa de Plata
Cezama (Nevado Mina)
Chabuca
Chabuca-Altagracia
Chunchulli (Crucero)
Chupica (Vilque)
Cobre Patilla (Santa Rosa)
Collar de Brillantes, Atlas No. 6 and

Luz de Oro
Crater (Loripongo)
Delicias (Poto)
Dofina Elvira
El Carolino
El Manto
El Sefibr-.de los Milagros
Espanoles- Choquena (Inchupalla)
Esperanza de Potoni
Estrella de Sur
Field
Frederico Antonio (Macusani)
Gaspar (Lago Lagunillas)
Guadalupe (Lago Lagunillas)
Huacchani
Huacullani
Huanchaco (La Raya)
Huancuri
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Au placer

Miscellaneous -Cu

Miscellaneous

Au placers

Pb-Zn-Ag
Au placer
Pb-Zn-Ag
Cu
Pb-Zn-Ag
Au placer
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Au placer
Miscellaneous ?
Miscellaneous
Au
Au
Miscellaneous
Pb-Zn-Ag
Pb-Zn-Ag
Pb -Zn-Ag
Pb-Zn-Ag
Au placer
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Cu

Cu
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Cu-Zn
Pb-Zn-Ag
Pb-Zn-Ag
Miscellaneous ?
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Cu
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Au placer



512 Huascacocha (Olachea)
643 Ilave
599 Ima Sumac
528 Infernillo
637 Laicacota
616 Lampa y Barenguela
578 La Rinconada
584 La Suerte-Ticani (Inchupalla)
640 Libertador (Pichacani)
621 Lisasia (Lago Lagunillas)
566 Lucila
557 Luis F Diaz
545 Macusani
543 Magistral (Macusani)
520 M. Hochschild (Coasa)
529 Michicamani
610 Milagro S. Judas Tadeo
586 Minerva
588 Minerva (Inchupalla)
526 Montebello
565 Montichristi
538 Nunca es Tarde
550 Ofelia-San Antonio (La Raya)
540 Olga
583 Padre San Antonio (Putina)
594 Palca
638 Pamperia
515 Pio X (Macusani)
527 Pilcomayo
652 Pizacoma
559 Poderosa, Edmunclito and Mabel
607 Ponasi (Nevado Mina)
569 Porvenir
552 Porvenir (Macusani)
572 Princesa

623-
625 Quello-Quello, Hornuni and Esperanza

603 Quilca (Nevado Mina)
602 Recuperada (Nevado Mina)
600 Ricardo (San Carlos)
650 Rosaleo (Desaguadero)
562 Rosa Primera
642 Rosario (Loripongo)
648 Sacata (Santa Rosa)
522 San Antonio (Coasa)
639 San Antonio de Esquilache
579 San Antonio de Poto
645 San Bosco (Nevado Huayasa)
598 San Francisco
547 San German, Nazareth and San Martin
556 Sangre de Cristo

Au
Fe
Miscellaneous ?
Au placer
Pb-Zn-Ag
Cu
Au
Miscellaneous
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Cu
Miscellaneous
Miscellaneous
Au placer
Miscellaneous ?
Pb-Ag
Pb-Zn-Ag
Au
Pb-Zn-Ag
Miscellaneous
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Au placer
Cu
Pb-Zn-Ag
Cu
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag

Cu

Pb-Zn-Ag
Pb-Zn-Ag
Ag-Ba
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Au
Pb-Zn-Ag
Au placers
Pb-Zn-Ag
Miscellaneous ?
Pb-Zn-Ag
Cu
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563 San Jacinto
558 (San Jose) Surupana
518 San Juan Bautista No. 1
573 San Juan del Oro (Sandia area)
596 San Martin - Miraflores
644 San Salvador (Juli)
535 Santa Ana
635 Santa Barbara
589 Santa Clara
631 Santa Clara (Vilque)
521 Santa Elena (Coasa)
617 Santa Lucfa
592 Santa Ursula
574 Santiago Poto
622 Santiaguina (Lago Lagunillas)
525 Santo Domingo
647 San Vicente (Nevado Huayasa)
615 Siria
549 Suruma (La Raya)
516 Susaya (Macusani)
611- Tacaza, Cerro Larisia, Santa Catalina
614 and Santa Barbara (Lago Lagunillas)
575 Tambopata (Sandia area)
551 Teresa
609 Tres Lilas
513 Ucunto (Olachea)
553 Union and Quenamari
534 Usicayos
587 Vencedora (Inchupalla)
593 Vila-Vila
541 Vizcaya
633 Yanacaca (Vilque)
590 Yanacahua
564 Yanacocha
605 Yanacuma ("A") (Nevado Mina)
604 Yanacuma (Nevado Mina)
606 Yanacuma ("C") (Nevado Mina)
56o
626

San Martin

Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Au placer
Pb-Zn-Ag
Pb-Zn-Ag
Cu
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Miscellaneous
Fe
Pb-Zn-Ag
Au placer
Cu
Au
Pb-Zn-Ag
Pb-Zn-Ag
Miscellaneous
Cu
Cu

Au placer
Miscellaneous
Miscellaneous
Au
Pb-Zn-Ag
Au
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Cu
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag
Pb-Zn-Ag

Department

42 Pedernales

Tacna Department

696 Aurora
708 Canaura

Au

Pb -Zn-Ag
Cu
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710
709
700
713
701
693
695
688
704
712
715
703
689
692
714
687
697
702
706
699
694
705
690
707
686
711
698
691

Cansuri
Caplina-Ataspaca
Carcelina (Sama)
Cercana
Cerro Morrito (Sama)
Chuiulune
Curibaya (Condorave)
El Manto
El Frayle
Huanune
Ima Sumac
Las Lomas (Sama)
Llallave
Lucumane
Manto Verde
Micalaca
Molleraque
Morro de Sama
Palquilla-Chere
Puite No. 2
Rosa Carlota
Santa Rosa
Togenes
Taruca-El Sapo
Toquepala
Tres Angeles
Venus
28 de Julio

Tumbes Department

1 Aguas Verdes

- 1o8 -

Cu
Pb-Zn-Ag
Fe ? -miscellaneous
Cu
Fe ?
Pb-Zn-Ag
Pb-Zn-Ag
Cu
Cu ?
Cu
Cu
Fe ?
Pb-Zn-Ag
Cu
Cu
Cu
Pb-Zn-Ag
Fe ?
Pb-Zn-Ag
Cu
Pb-Zn-Ag
Cu
Cu
Pb-Zn-Ag
Cu
Cu
.Pb-Zn-Ag
Pb-Zn-Ag

Au



RADIOACTIVE MINES AND LOCALITIES EXAMINED BY JOINT AEC-JCEA TEAMS

Name

Pampacolca

San Fran-
cisco
mine

Ollanta

Department

Arequipa

Arequipa

Cajamarca

Province

Castilla

Caraveli

Cajabamba

Coordinates
Lat. S. Long. W.

15-44 72-33

15-47 74-21

Chief
metals

Copper

7-36 78-28

Other miner-
als, gangue

Monazite,
iron oxides,
columbite-
tantalite,
garnet,
uraninite

Quartz

Chalcopyrite,
tetrahedrite,
galena,
sphalerite,
quartz,
calcite

Geology;
radioactivity

Anomalously
radioactive
pegmatites in
gneiss of un-
known age;
radioactivity
mainly from
thorium in
monazite; un-
economic.

Mineralized shear
zone in highly
weathered dio-
rite. No anoma-
lous radioac-
tivity in mine,
but some weakly
radioactive
pieces on dump;
uneconomic.

Abandoned mine;
geology similar
to Sayapullo;
filled fissure
veins had no
important
anomalies.

Hi
0
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Name

Sayapullo
mine

Atomica
No. 1
claim

Department

Cajamarca

Cuzco

Huashuacocha Cuzco
mine

Province

Cajabamba

La Cxnvencion/

La Convention

Coordinates
Lat. S. Long. W.

7-35 78-30

13-07 73-10

13-08 73-09

Chief
metals

Zinc,
lead,
copper,
silver

Other miner-

als, gangue

Pyrite, ar-
senopyrite,
quartz

Gersdorffite,
niccolite,
chalcopyrite,

pyrite, ura-
ninite, cal-

cite, barite

Nickel,
copper

Quartz, car-
bonate

Geology;
radioactivit

Parallel, filled
fissure veins in
folded, faulted
Cretaceous sedi-
mentary rocks.
Most veins not
anomalous; high-
est radioactivity
in Restauradora
vein; economic
potential uncer-
tain.

Selective re-
placement and
alteration of
two upper Paleo-
zoic limestones;
mineralization
related to al-
teration. Weak
radioactivity
generally con-
fined to small
mineralized pod.

Vein in or near
volcanic-sedi-
mentary contact;
low radioac-
tivity.

0



Name

Vilcabamba
region

Buena
Suerte
No. 1
and No.

Province

Cuzco La Convencidn

Coordinates
Lat. S. Long. W.

13-06 73-03

Chief
metals

Silver,
copper,
lead,
nickel

Huancavelica Castrovirreyna 13-20 75-25

Other miner-

als, gangue

Sphalerite,
pyrite,
uraninite(?),
calcite,
quartz

Chalcopyrite,
galena,
pyrite,
calcite2

Geology;
radioactivity

Fissure veins in
area of inter-
bedded shales-
sandstones, vol-
canics, lime-
stones intruded
by rhyolites and
latites; moderate
folding. Anoma-
lous radioactivity
in some sectors
but mineraliza-
tion probably
uneconomic.

Gash vein in con-
tact zone of
Paleozoic(?)
sedimentary
rocks with dio-
rite. Fractures
in vein weakly
radioactive;
uneconomic.

H



Name

Restauradora
mine

Vulcano
No. 1
mine

Eliana
mine

Department

Huancavelica

Huancavelica

Ica

Province

Huancavelica

Castrovirreyna

Pisco

Coordinates
Lat. S. Long. W.

12-55 75-01

13-09 75-06

13-h3 75-42

Chief
metals

Other miner-
als, gangue

Lead,
mercury

Lead,
silver

Copper

Barite

Quartz, iron
oxide, cal-
cite

Geology;
radioactivity

In intensely al-
tered rocks,
probably Tertiary
volcanics. Two
zones of uranium
mineralization,
one associated
with old cinnabar
workings, the
other with the

galena body;
latter may war-
rant additional
investigation.

Fissure vein
filling in vol-
canic breccia;
selected samples
assay up to 0.5%
U308 but no pro-
duction potential.

Two near-vertical
veins in Creta-
ceous(?) diorite.
Anomalous radio-
activity detected
in workings; ura-
nium mineral

apparently asso-
ciated with chryso-
colla; uneconomic.

r)



Name

Mayo
group

Alejandria
mine

Department,

Ica

Junin

H
H

L~)

Janchiscocha Junin

Province

Ica

Yauli

Jauja

Coordinates
Lat. S. Long. W.

14-04 75-38

11-36 76-09

11-40 75-16

Chief
metals

Silver,
copper,
zinc

Molyb-
denum

Other miner-

als, gangue

Chrysocolla,
malachite,
chalcopyrite

Magnetite,
pyrite, ga-
lena, pyr-
rhotite,

specularite,
quartz, rho-
dochrosite,
siderite

Pyrite,
quartz

Geology;
radioactivity

Similar to Eliana.
Some anomalous
radioactivity

but probably
uneconomic.

Catalina vol-
canics (Carbo-
niferous?) in
eastern part of

mine, Jurassic
limestones in
western part.
Some anomalous
radioactivity
in mine but
uneconomic.

Veins, dissemi-
nations in

jointed, frac-
tured, sheared
acidic intru-
sive. Weakly
anomalous ra-
dioactivity in
mine; thin en-
crustation of
radioactive
mineralization
probably leached
from country rock.



Name

El Sol
Naciente

Churin

Department

La Libertad

Lima

Province

Pataz

Cajatambo

Coordinates

Lat. S. Long. W.

8-08 77-25

Chief
metals

Copper

Other miner-
als, gangue

Calcite,
pyrite

10-48 76-56

Geology;
radioactivity

Inconsistent
veins within
vertical shear
zone; some si-
licification.
Country rock is
Upper Carbonif-
erous(?) Copa-
cabana lime-
stone; grano-
diorite intru-
sive 2.5 km to
northeast.
Weakly anomalous;
uneconomic.

Hot-spring terrace
deposits of tra-
vertine overlie
Tertiary shale
and limestone.
Two terraces have
seams of impure,
radioactive tra-
vertine; uneconomic.



Department

Lima

Lima

Province

Cajatambo

Cajatambo

Coordinates
Lat. S. Long. W.

10-28 76-50

10-43 77-05

Chief
metals

Silver,
lead,
copper

Copper,
molyb-
denum

Other miner-

als, gangue

Pyrite,
iron oxides

Magnetite,
arsenopyrite,
pyrite,
quartz,
uraninite

Geology;
radioactivity

Near-vertical
mineralized
pockets and
lenses in Cre-
taceous lime-
stone. Slightly
anomalous radio-
activity in
pyrite pocket; no
additional radio-
active material
found in workings.

Highly frac-
tured area of
slightly meta-
morphosed Qua-
ternary-Tertiary
volcanics; some
silicification.
Spotty occur-
rences of ura-
ninite associ-
ated with molyb-
denite.

Name

Nino
Perdido

Parag
area

Hi



Name

Virgen del
Perpetuo
Socorro

Jes us
Maria
mine

Colquijirca
mine

Department

Lima

Moquegua

Pasco

Province

Lima

General
Sanchez
Cerro

Pasco

Coordinates
Lat. S. Long. W.

11-53 76-44

16-10 70-26

lO-45 76-15

Chief
metals

Lead

Silver,

zinc,
lead

Other miner-
als., gangue

Molybdenite,
quartz, al-
lanite, mica,
chalcopyrite,
galena, ma-
lachite

Sphalerite,
pyrite,
chalcopyrite,
tetrahedrite-
tennantite,
iron, copper
oxides

Pyrite, mar-
casite,
enargite-
luzonite,
chalcopyrite,
covellite,
uraninite

Geology;
radioactivity

Two periods of
mineralization
in Tertiary gra-
nodiorite. Weakly
anomalous radio-
activity in pros-
pect pit from
allanite and
rutherfordine;
uneconomic.

Fissure vein in
volcanic breccia
in area of Ter-
tiary andesitic
flows and tuffs.
Anomalous radio-
activity in mine
and on dump;
uneconomic.

Replacement de-
posit in Calera
formation of
Tertiary age;
Tertiary sedi-
mentary rocks
near mine folded
into two syn-
clines, one anti-
cline. Sporadic
uranium miner-
alization associ-
ated with chert.



Name

Huaron
mine

San Alberto

Department

Pasco

Pasco

Province

Pasc o

Oxapampa

Coordinates
Lat. S. Long. W.

11-00 76-25

Chief
metals

Copper,
lead,
zinc,
silver

l0-3h 75-23

Other miner-

als, gangue

Pyrite,
quartz,
rhodonite

Chalcopyrite,
pyrite,
quartz,
calcite,
uraninite

Geology;
radioactivity

Monzonite (?)
dike cutting
anticlinal red
beds, shales,
limestones,
conglomerates,
volcanics of
probable Creta-
ceous age. Sur-
vey of veins,
mine dumps,
tailings dis-
closed no sig-
nificant radio-
activity; poten-
tial uncertain.

Shear zone in
east-dipping
Paleozoic con-
glomerates,
shales; lime-
stones had
moderate radio-
activity, but
source could
not be deter-
mined.

H
H

I



SUL-Ai~f OF NONRADIOACTIVE LOCALITIES EXAMINED BY JOINT
AEC-JCEA AND JCEA TEAMS (1953-19.57).

Name

Alta Gracia

Atahualpa

Callan

Carmen

Cinco
Hermanos

Department

Ancash

Ancash

Ancash

Ancash

Ancash

Province

Pallasca

Pallasen

Huaras

Pallasca

Huaras

Coordinates
Lat. S. Long W.

E-08 77-45

8-17 77-52

9-33 77-39

8-22 77-55

9-30 77-34

Chief
metals

Zinc,
lead,
copper

Copper,
silver

Antimony

Other miner-

als, gangue

Specularite,
calcite

Quartz

Enargite,
tennantite,
quartz,
calcite

Copper,
silver

Lead,
zinc

Geology

Nearly vertical
veins in fine-
grained Creta-
ceous(?) sand-
stone

Weak mineraliza-
tion in small
vein in Creta-
ceous quartzite

Mineralized frac-
ture in quart-
zite

In quartzite;
intense oxida-
tion made field
identifi cation
of minerals
impossible.

Bedded deposit
in slate

HC

H
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Department

Ancash

Ancash

Ancash

Ancash

Ancash

Proviiice

Pallasca

Bolognesi

Pallasca

Huaras

Santa

Coordinates
Lat. S. Long W.

8-17 77-53

10-27 77-25

8-25 77-53

9-33 77-36

9-02 78-10

Chief
metals

Gold,
silver

Copper

Tungsten

Other miner-
als, gangue

Quartz

Quartz

Lead,
antimony

Gold Iron oxides,
quartz

Geology

Condor

El Dorado

Name

Interbedded
Cretaceous
shales and
quartzites;
selective re-
placement of
thin shale bed.

Veins associated
with andesite
dikes in Creta-
ceous(?)-Ter-
tiary(?) grano-
diorite

Vertical shear
zone 4 meters
wide in quartz-
ite and meta-
morphosed shale

Mineralized
fracture in
quartz mon-
zonite

Veins in Cre-
taceous-Ter-
tiary grano-
diorite

H
Hern an
prospect

Huascar

Lampanin



Name Province

Bolognesi

Pallasca

Chief
metals

Coordinates
Lat. S. Long W.

10-05 77-08

8-21 77-55

Other miner-
als, gangue

Copper

Zinc,
copper,
lead

Geology

Contact-meta-
morphic deposit
in Cretaceous
shales, slates,
quartzites.
Large asymmet-
rical, faulted
syncline.

Stringers up to
10 cm. thick
in Cretaceous(?)
quartzite

8-15 77-52 Copper Galena, py-
rite, quartz

Small vein in
Cretaceous
quartzite

Paccha

Palillo

Pasacancha

Ancash

Ancash

Ancash

Santa

Santa

Corongo

9-01 78-02

8-59 78-09

8-35 77-42

Lead

Copper

Calcite

Quartz

Lead,
zinc,
copper

Mineralized
fractures in
silicified
limestone

Small miner-
alized frac-
ture in Cre-
taceous-Tertiary
granodiorite

Folded Creta-
ceous sediments
intruded by
Tertiary(?)
granodiorite;
fissure-filled
veins

r\)
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Matamina

Mercedes
claims

Ancash

Ancash Quartz

Muque Ancash Pallasca



. Name

Pasto Bueno

Potrero

Quillo

Relicario
prospect

San Juan
Bautista

Santa Elena

Department

Ancash

Ancash

Ancash

Ancash

Ancash

Ancash

Province

Pallasca

Corongo

Casma

Pallasca

Pallasca

Aija

Coordinates
Lat. S. Long W.

8-12 77-51

8-36 77-48

9-17 78-02

8-18 77-47

8-17 77-52

9-38 77-39

Chief
metals

Other miner-
als, gangue

Tungsten Quartz

Copper

Iron

Iron, copper
oxides

Iron oxide
stains,
quartz

Copper, Pyrite, mar-
silver casite, ga-

lena, sphal-
erite

Geology

Wide vein in
Cretaceous-
Tertiary(?)
granite

Vein between
bedding planes
of Cretaceous
quartzite

Contact-meta-
morphic deposit
in limestone

Mineral encrusta-
tion in shear
zone in inter-
bedded shales
and quartzites

Fractures in
quartzite lined
with quartz
crystals; pros-
pect drift,

Fissure vein
mineralization
associated with
andesite dikes
intruding Cre-
taceous and
Jurassic sedi-
ments

r\)



Name

Santa Ro'mula

Santa Rosa

Department

Ancash

Ancash

Tres Marias, Ancash
Carmelita,
La Florida,
Santa Marta

Andahuaylino

CavirA

Cupiza

El Trabajo

pi

Apurimac

Apurimac

Apurimac

Apurimac

Province

Santa

Santa

Bolognesi

Aymaraes

Andahuaylas

Andahuaylas

Aymaraes

Coordinates
Lat. S. Long W.

8-56 78-07

Chief
metals

Lead

9-03 78-02

10-10 77-02

14-17 73-09

13-44 73-06

13-44 73-13

14-17 73-08

Other miner-
als, gangue

Iron oxides

Arsenopyrite,
iron oxides

Lead,
silver

Copper

Copper

Lead

Copper,
lead,
silver

Quartz,
calcite

Iron oxides

Chalcopyrite,
pyrite

Quartz,
calcite

Geology

Small amount of
galena, iron
oxides in Cre-
taceous(?)
slates

Mineralized frac-
ture filling
in Tertiary-
Quaternary
diorite

Fissure fillings
in diorite or
at diorite-
quartzite con-
tact. Limestone
remnants higher
up mountain.

Fracture filling
in porphyry

Vein in diorite
in contact with
limestone

Samples tested
only; not
visited.

Fracture filling
in Cretaceous
limestone

H



Name

Huancabamba

Km. 5o

La Esmeralda

Landa

Palca

San Juan de
Atancama

Saraica

Tierra
Santa

Department

Apurimac

Apurimac

Apurimac

Apurimac

Apurfimac

Apurinac

Apurimac

Apurimac

Province

Andahuaylas

Andahuaylas

Aymaraes

Andahuaylas

Aymarae s

Abancay

Aymaraes

Abancay

Coordinates
Lat. S. Long. W.

13-42 73-21

13-41 72-59

14-24 73-06

12-59 73-15

1)4-21 73-06

13-54 72-47

14-13 73-10

13-50 72-42

Chief
metals

Other miner-

als, gangue

Iron

Copper

Lead,
silver

Copper

Lead

Copper,
lead

Lead,
copper,
zinc

Copper

Quartz,
calcite

Pyrite

Geology

Contact-metamor-
phic deposit in
diorite and lime-
stone

Mineralized frac-
tures in Creta-
ceous-Tertiary
monzonite

Fracture-con-
trolled minerali-
zation in quartzite

Mineral interstra-
tified with red
Paleozoic sand-
stones

Samples tested
only; not visited.

Samples tested
only; not visited.

Samples tested
only; not visited.

Samples tested
only; not visited.

F\)



Name

Andaray

Calpa

Capitana

Capitana
No. 2

El Convento

El Venado

Eugenia

Nancy

Department

Arequipa

Arequipa

Arequipa

Arequipa

Arequipa

Arequipa

Arequipa

Arequipa

Province

Condesuyos

CaraveljI

Caraveli

Caravel.

Caraveli

Caraveli

Caraveli

Arequipa

Coordinates
Lat. S. Long. W.

15-48 72-52

15-49 73-32

15-42 74-07

15-h2 74-07

15-45 73-48

16-03 73-53

15-54 73-05

16-28 71-36

Chief
metals

Gold

Gold,
copper

Gold

Gold

Gold

Gold

Gold

Copper-
lead

Other miner-
als.. gangue

Pyrite, chal-
copyrite,
quartz

Pyrite, chal-
copyrite,
quartz

PyriteY
quartz

Pyrite, chal-
copyrite,
copper oxides,
quartz

Quartz

Pyrite, specu-
larite,
quartz

Pyrite, chal-
copyrite,
iron oxides

Black quartz

Geology

Veins in dio-
rite(?) and
andesite(?)

Veins in Ter-
tiary
diorite( ?)

Quartz veins in
granodiorite

Quartz veins in
granodiorite

Quartz veins in
granodiorite

Vein in diorite
batholith

Tertiary diorite
overlain by vol-
canic flows and
tuffs; veins in
diorite

Vein deposit in
coarse crystal-
line igneous rock

Hro
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Name

Posco

San Juan

Apacheta

Ccasa

Chaupimayo

Cochas

Curoqui

Department

Arequipa

Arequipa

Ayacucho

Ayacucho

Ayacucho

Ayacucho

Ayacucho

Province

Caraveli

Caraveli

La Mar

Cangallo

La Mar

La Mar

La Mar

Coordinates
Lat. S. Long. W.

16-00 73-10

15-42 74-07

12-57 74-06

13-26 73-49

13-12 73-35

13-03 73-52

13-04 73-38

Chief
metals

Gold

Gold

Other miner-
als, gangue

Pyrite, chal-
copyrite,
quartz

Pyrite, chal-
copyrite,
quartz

Manganese

Copper

Lead

Lead

Nickel

Hematite,

quartz

Calcite

Geology

Quartz fissure
vein in diorite

Quartz veins in
granodiorite

Near-vertical vein
in porphyry

Fracture-controlled
mineralization in
Cretaceous-Ter-
tiary granite

Samples tested
only; not visited.

Samples tested
only; not visited.

Host rock is Paleo-
zoic metamorphosed,
pyritized shale
cut by dacite(?)
dikes. Mineral-
ization is in
small stringers
along bedding
planes.
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Name

El Porvenir

La Abanquina

Mioc

Negromayo

Pacchacc

Pomabamba

Department

Ayacucho

Ayacucho

Ayacucho

Ayacucho

Ayacucho

Ayacucho

Province

Cangallo

Cangallo

Victor
Fajardo

Lucanas

La Mar

Cangallo

Coordinates
Lat. S. Long. W.

13-40 73-45

13-36 72-52

13-40 73-50

14-49 73-58

13-05 73-48

Chief
metals

Copper

Copper,
silver

Gold

Gold

Nickel

13-35 74-08

Other miner-

als, gangue Geology

Mineralized area
in fractures in
volcanic rock
near granodio-
rite contact

Dissemination
in sandstone

Iron oxides

Quartz

Galena, iron
oxides, cal-

cite, quartz

Chalcopyrite,
iron miner-

als, epidote,
quartz

Altered Creta-
ceous limestones
and limestone
breccia

Veins in intru-
sion which has
uplifted adja-
cent shales

Vein in silicified
Paleozoic slate

Samples tested
only; not visited.

Quebrada
Alpapampa

Ayacucho La Mar Old prospect
holes in pyri-
tized and
chloritized
shale

13-08 73-38



Name

Rapi

San Juan de
Lucanas

San Luis

San Javier

Santiago

Santo
Domingo

Department

Ayacucho

Ayacucho

Ayacucho

Ayacucho

Ayacucho

Ayacucho

Province

La Mar

Lucanas

Lucanas

La Mar

Huanta

Cangallo

Coordinates
Lat. S. Long. U.

13-10 73-45

14-40 74-12

15-26 74-25

13-11 73-42

12-49 74-16

13-30 74-00

Chief
metals

Nickel

Silver

Gold

Gold

Lead

Copper

Other miner-
als, gangue

Tetrahedrite,
pyrite,
secondary
copper miner-
als, quartz,
calcite

Quartz

Pyrite,
quartz

Pyrite, iron
oxides

Quartz, cal-
cite, chal-
copyrite

Sphalerite,
quartz

Geology

Weak, discontinu-
ous, filled frac-
tures in lime-
stones and shales
intruded by grano-
diorite. Shallow
syncline to north-
west but overall
picture confusing.

Two main fissure-
filling vein
systems in Ter-
tiary-Quaternary
andesite

Steeply dipping
fissure veins
in diorite

Silicified Paleo-
zoic limestone

Near-vertical vein
cutting across
bedding of Paleo-
zoic(?) shales
and quartzites

Granite intruding
sandstone and
tuffs

I



Name

Senccan

Tayaccasa

Titipucru

Urpayhuaico

Algamarca

Department

Ayacucho

Ayacucho

Ayacucho

Ayacucho

Cajamarca

Province

La Mar

La Mar

La Mar

Cangallo

Caj abamba

Coordinates
Lat. S. Long. W.

13-04 73-38

13-10 73-40

13-06 73-39

13-39 72-56

7-35 78-15

Chief
metals

Nickel

Lead

Other miner-

als, gangue

Pyrrhotite,
quartz

Iron oxides,
calcite,
quartz

Lead,
zinc

Lead

Copper Argentiferous
tetrahedrite,
quartz

Fracture-con-
trolled vein in
Paleozoic(?)

impure limestone

Mineralized frac-
tures in lime-
stone

Replacement in
fracture zones
in Paleozoic
limestone

Samples tested
only; not visited.

On limb of

plunging anti-
cline in Creta-
ceous quartzite.
Principal vein
is 70 to 80 cm.
thick and dips
560 SE. Trachyte
dike dipping
620 S. cuts vein
and possibly con-
trolled miner-
alization.

H
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Condorjaja

Province

Cajabamba

Paucartambo

Quispicanchis

Coordinates
Lat. S. Long. We

7-35 78-30

Chief
metals

Copper

13-11 71-4.0

13-15

Quispicaacnis 13-45

70-38

71-10 Silver

Name

Malachite,
chalcan-
thite, mar-
casite,
pyrite,
quartz

GeologyDepartment

Cajamarca

Igma

Inquilpata

Cuzco

Cuzco

La Convencion

Anta

13-18 73-11

13-31 72-40

Copper

Lead,
silver

Quartz,
calcite

Tetrahed-
rite, cal-
cite, quartz

Fracture-con-
trolled miner-
alization in
Paleozoic marls

Veins in highly
fractured slate

Amulaya

Other miner-

als, gangue

Argentif-
erous tetra-
hedrite,

galena,
sphalerite,
quartz,
calcite

Pyrite,
hematite,
limonite

Quartz, iron
oxides

Aurora

No. 1

Camanti

Area of Creta-
ceous sediments.
Vein has average
thickness of 17

cm., dips 6h0 W.
Unmineralized
acid intrusive
in lowest level.

Slight minerali-
zation in lime-
stone

Quartz-filled
fractures in
fine-grained
Paleozoic
sandstones

Vein in fracture
zone in lime-
stone

Cuzco

Cuzco

1-i
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Name

La Raya

Lida

Leonor

Poccpoccella

San Miguel

Titiminas

Verde
Ccacca

Vilcanota

Department

Cuzco

Cuzco

Cuzco

Cuzco

Cuzco

Cuzco

Cuzco

Cuzco

Province

Canchis

Anta

Anta

Espinar

Espinar

Anta

La Convencion

Canas

Coordinates
Lat. S. Long. W.

14-30 70-59

13-31 72-40

13-24 72-33

14-44 71-14

14-43 71-13

13-15 73-15

13-20 73-08

34-28 71-00

Chief
metals

Copper

Lead

Copper,
lead,
silver

Lead

Other miner-
als, gangue

Iron oxides

Covellite

Quartz,
calcite

Copper

Copper,
lead,
zinc

Quartz

Geology

Mineralized frac-
ture in granite
intruded in
sandstone

Samples tested
only; not visited.

Samples tested
only; not visited.

Asphaltite in
fine-grained
Cretaceous
sandstone

Fossilized wood
from Tertiary
continental
sediments

Small vein in
Paleozoic shale

Mineralized frac-
tures in Paleo-
zoic phyllites

Fissure veins in
Paleozoic slate
and quartzite

U
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Name

Yanacaca

Accoccasa

Borbollona

Carmen

Chalhuamayo
district

Corpus
Christi

Department

Cuzco

Huancavelica

Huancavelica

Huancavelica

Huancavelica

Huancavelica

Province

Canchis

Coordinates
Lat. S. Long. 'd.

14-25 71-10

Castrovirreyna 13-32

Castrovirreyna 13-25

Castrovirre ma

Castrovirreyna

Tayacaja

74-57

75-24

13-10

Chief
metals

Copper

Lead,
zinc

Lead

Lead,
copper

13-28

12-25 74-48

Cther miner-

als, gangue

Calcite,
dolomite

Chalcopyrite,
quartz

Pyrite

Sphalerite,
quartz

Silver, Chalcopyrite,
lead covellite,

pyrite

Copper, Erythrite,
lead quartz,

calcite

Geology

Impregnations,
seams, veinlets
in Tertiary
dacite(?)

Tertiary volcanic
flows and tuf fs
cut by quartz
breccia which has
been mineralized

Replacement de-
posit in highly
folded, faulted
Cretaceous lime-
stone

Near-vertical vein
in Tertiary vol-
canic flows

Veins in folded
Tertiary volcanic
flows and tuffs

Nearly vertical
vein parallel to
cleavage of host
rock in silici-
fied Jurassic-
Triassic shale

(-i



Name

El Dolar

Encantadora

Esperanza

Huachana

Julcani

La Lira

San Lorenzo
prospect

Department

Huancavelica

Huancavelica

Huancavelica

Huancavelica

Huancavelica

Huancavelica

Huancavelica

Province

Castrovirreyna

Castrovirreyna

Huancavelica

Castrovirreyna

Angaraes

Castrovirreyna

Tayacaja

Coordinates
Lat;. S. Long. W.

13-11

13-34

75-13

75-28

13-04 74-58

13-25 75-24

12-56 74-49

13-10

12-18 74-50

Chief
metals

Gold

Other miner-
als, gangue

Iron oxides,
quartz

Copper, Iron oxides,
gold quartz

Lead,
copper

Lead

Lead,
gold,
silver,
copper

Lead,
copper

Copper

Pyrite, iron
oxides,
quartz

Chalcopyrite,
pyrite

Bismuthinite

Quartz

Azurite,
iron oxides

Geology

Tertiary volcanic
flows

Veins in folded,
faulted Creta-
ceous limestone
and quartzite

Near-vertical vein
in Tertiary vol-
canic flows

Steeply dipping
quartzite with
thin shale beds

Complex vein
system in Ter-
tiary-Quaternary
volcanic flows
and tuffs

Near-vertical vein
in Tertiary vol-
canic flows

Seam of oxidized
copper minerals
in black shale

H-



Name

Santa
BArbara

Antonio
Ingunza
prospect

Huanca

Quio
prospect

Rondoni

Department

Huancavelica

Huanuco

Huanuco

Huanuco

Huanuco

Province

Huancavelica

Dos de Mayo

Dos de Mayo

Hu.nuco

Ambo

Coordinates
Lat. S. Long. W.

12-52 75-04

9-49 76-37

9-51 76-32

9-55 76-11

10-12 76-30

Chief
metals

Other miner-
als, gangue

Mercury Arsenopyrite,
realgar, or-
piment,
stibnite

Copper

Lead,
silver

Copper

Silver,
copper

Pyrite, magne-
tite, iron
oxides

Geology

Tightly folded,
faulted Jurassic
and Cretaceous
sandstones and
limestones

Steeply dipping
Carboniferous
limestone

Replacement de-
posit in steeply
dipping lime-
stone

Mineralized frac-
ture zone in
steeply dipping
Paleozoic schist

Steeply dipping
limestone intru-
ded by quartz
diorite. Miner-
alization on
outer edge of
igneous intrusion;
"'contact-segrega-
tion" deposit.

H



Name

Santa
B3rbara

Yanapachu

Azurita

Bolivar

Conta

Cuartillo

Fortuna

Department

Huanuco

Huanuco

Ica

Ica

Ica

Ica

Ica

Province

Ambo

Ambo

Ica

Pisco

Chincha

Ica

Ica

Coordinates
Lat. S. Long. W.

10-10 76-27

10-09 76-31

13-58 75-37

13-43 75-42

13-28 75-57

13-51 75-39

13-49 75-37

Chief
metals

Lead,
silver

Lead,
silver

Other miner-

als, gangue

Magnetite,
quartz

Copper

Copper

Copper

Copper

Copper

Iron oxides,
quartz

Calcite

Hematite,
epidote,
calcite,
gypsum

Kaolin

Geology

Replaceme de-
posit in steeply
dining Carbonif-
ercus limestone

Replacement de-
posit in steeply
dip:Ding Carbonif-
ercus limestone

Mineralized shear
zone in Erano-
diorite

Veins in Creta-
ceous-Tertiary
diorite

Veins in slates
interbedded with
andesite flows

Shear zone in Cre-
taceous-Tertiary
granodiorite,
locally altered

Shear zone in
Cretaceous-Ter-
tiary granodicrit

( 1J



Name

Lagunilla

Los Incas

Saramarca

Sol de Oro

Tingue area

Brillantina

Department

Ica

Ica

Ica

Province

Pisco

Coordinates
Lat. S. Long. W.

13-55 76-16

Ica

Ica

Ica Ica

Ica Ica

Junin Yauli

14-58 74-41

14-30 75-06

14-50 74-51

14-14 75-33

11-15 76-25

Chief
metals

Other miner-
als, gangue

Coal

Gold

Gold

Gold

Copper

Coal

Pyrite, chal-
copyrite,
quartz

Pyrite, chal-
copyrite,
quartz

Pyrite, chal-
copyrite,
quartz

Sulfur

Geology

Small coal seams
in Carboniferous
graywacke and
sandstone

Veinlike manto
in area of Cre-
taceous-Jurassic
slates and
quartzites

Veins in silici-
fied sedimen-
tary rocks

Gold-bearing
quartz vein in
area of meta-
morphosed sedi-
mentary rocks

Samples from sev-
eral small mines;
not visited.

Coal seams in frac-
tured, crumpled
Middle Cretaceous
black shale

I
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Name

Cercapuquio

Cerro de
Pasco
Nickel
claim

Chanchamina

Chinita

La Merced

Junin

Junin

Province

Huancayo

Tarma

Junin

Junin

Junin

Tarma

Jauja

Huancayo

Coordinates
Lat. S. Long. W.

12-26 75-29

11-23 75-33

11-18 75-42

12-0 75-16

12-03 75-09

Chief
metals

Lead,
zinc

Nickel

Lead,
zinc

Lead,
copper

Copper

Other miner-
als, gangue

Greenockite,
calcite

Hematite,
quartz,
calcite,
iron oxides

Pyrite,
calcite

Quartz

Calcite,
barite

Geology

Series of folded
Mesozoic lime-
stones and dolo-.
mites; minerali-
zation in shear
zones on syn-
clinal flank.

Fissure veins in
silicified sand-
stone, probably
Paleozoic

Lead-zinc replace-
ment deposit in
flat-lying lime-
stone

Network of inter-.
secting, parallel
veins in fine-
grained Cretaceous-
Tertiary acidic
igneous rock

Mineralized shear
zone in folded
sedimentary rock;
no acid intrusives
or open structures
in this area.



Name

Olvidada

Alta Gracia
prospect

Andes No. 2

Arteza
prospect

Buldibuyo

Department

Junin

La Libertad

La Libertad

La Libertad

La Libertad

Province

Yauli

Pataz

Pataz

Bolivar

Pataz

Coordinates
Lat. S. Long. W.

11-15 76-30

7-46 77-37

8-03 77-23

7-28 77-36

8-06 77-23

Chief
metals

Other miner-
als, gangue

Coal

Copper

Silver,
lead,
sold

Gold

Gold

Quartz, cal-
cite

Argentiferous
galena, au-
riferous py-
rite, chal-
copyrite,
quartz

Pyrite,
quartz

Auriferous
pyrite, ar-
gentiferous
galena,
quartz

Geology

Lenses in Lower-
Cretaceous shale
and quartzite

Veins in Upper
Jurassic shales
and sandstones

Quartz vein in
metamorphosed,
partly silici-
fied Paleozoic(?)
shales. Grano-
diorite intru-
sive 200 meters
west.

A small quartz
vein in area of
slightly meta-
morphosed Paleo-
zoic(?) lime-
stones

Lenses, pods,
stringers,
disseminations
in lower Paleo-
zoic(?) silici-
fied shales

-H



Name

Cerro
Chugur
area

El Gigante
and Las-
tenia

co

El Toro

Province

La Libertad

La Libertad

La Libertad

Fray Martin La Libertad

Otuzco

Pataz

Coordinates
Lat. S. Long. W.

7-41 78-22

8-04 77-25

Huamachuco

Pataz

7-49 78-03

8-23 77-09

Chief
metals

Gold

Gold

Lead,
silver

Other miner-

als, gangue

Argentif-
erous
galena,
pyrite,
magnetite,
auriferous
pyrite,
stibnite,
quartz

Auriferous
pyrite,
quartz

Auriferous
pyrite and
quartz

Calcite,
barite

Geology

Country rock is
Cretaceous quartz-
ite, with shales
and conglomerates;
Acidic dikes cut
formations and
probably are re-
sponsible for
mineralization.

Veins in grano-
diorite; phyl-
lites at south-
east end of
mineralized
zone.

Veinlets in white
quartzitic sand-
stones of Chicama
formation (Lower
Cretaceous)

Veinlets and
lenses in gray
Upper Carbonif-
erous(?) lime-
stone



Department

La Libertad

Province

Pataz

Coordinates
Lat. S. Long. W.

8-20 77-09

Chief
metals

Lead,
zinc

Other miner-

als, gangue

Fluorite,
calcite

Geology

Veinlets in
fracture zone
in upper Car-
boniferous(?)
limestone

La Florida

La Loma el
Plomo
prospect

La Meiia and
Ancos

La Libertad

La Libertad

La Libertad

Huamachuco

Bolivar

Trujillo

7-55 78-05 Copper

7-33 77-37

8-45 78-35

Sphalerite,
galena,
jamesonite,
pyrite,
stibnite,
calcite,
quartz

Specularite,
calcite,
quartz

Coal

Cretaceous shales
intruded by da-
cite, with silic-
ification in many
places. Three
veins in frac-
tured dacite.

Mineralized zone
2 to 3 meters
wide in red
Triassic(?) sedi-
ments ranging
from fine-grained
sandstone to a
mudstone-pebble
conglomerate

High-ash Creta-
ceous(?) coal
beds in quartz-
ites and slates

Name

Iris
prospect

H



Name

La Toma

La Zata
prospect

Department

La Libertad

La Libertad

Misquichilca La Libertad
prospect

Monte Carlo La Libertad

Province

Pataz

Bolvar

Bolivar

Pataz

Coordinates
Lat. S. Long. W.

8-15 77-20

7-28 77-36

7-33 77-35

8-12 77-22

Chief
metals

Copper

Lead

Copper

Other miner-
als, gangue

Quartz

Pyrite,
quartz

Pyrite

Calcite

Geology

Hydrothermal
quartz vein-
lets, lenses
in interbedded
shales and
limestones -
probably Copa-
cabana forma-
tion of Late
Carboniferous(?)
age

Similar to Arteza

Area of strati-
fied volcanics,
probably Miocene
to Quaternary

Nearly vertical
weak calcite
vein in fine-
grained red
sandstone over-
lain by thin-
bedded black
shale, probably
Cretaceous.
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Name

Parcoy

Quiruvilca

Salpo

Mercedes

Department

La Libertad

La Libertad

La Libertad

Lambayeque

Province

Pataz

Coordinates
Lat. S. Long. W.

7-57 77-25

Santiago de
Chuco

Otuzco

Chiclayo

8-00 78-20

8-00 78-35

6-45 79-10

Chief
metals

Gold

Copper,
silver,
lead,
zinc

Other miner-
als, gangue

Auriferous
pyrite, ar-
gentiferous
galena,
quartz,
calcite

Pyrite, other
sulfides

Copper,
silver,

lead,
zinc

Barium Traces of
iron and
copper
minerals;
silica

Geology

Small quartz and
calcite veins
in silicified
Paleozoic shales;
radioactive sample
reported from
area but source
could not be
located.

Veins in faults
and tension
fractures of
Tertiary-Qua-
ternary ande-
site porphyry,
tuff, breccia,
conglomerate

Vein in meta-
morphosed
sandstone and
rhyolite

Vein 1 to 1.8
meters thick
along a fault
containing brec-
ciated zone and
slickensides.
Host rock is
Tertiary-Quater-
nary andesite
porphyry.
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Name

Alpamarca

Bellavista

Callanga

Capillapata

Ccachacuay

Chupa

Department

Lima

Lima

Lima

Lima

Lima

Lima

Province

Canta

Canta

Cah ete

Cajatambo

Yauyos

Canta

Coordinates
Lat. S. Long. W.

11-10 76-30

11-25 76-40

12-35 76-20

10-42 76-57

12-22 76-06

11-27 76-42

Chief
metals

Zinc,
lead

Lead,
zinc,
silver

Copper

Silver

Copper,
lead,
zinc

Other miner-
als, gangue

Pyrite

Pyrite,
quartz,
rhodochro-
site

Chalcopyrite,
pyrite, ala-
bandite,
quartz,
calcite

Pyrite

Lead,
copper

Geology

Brecciated Ter-

tiary-Quaternary
lavas with some
agglomerate

Vein in Creta-
ceous-Tertiary
andesite

Mineralized zone
at contact of
aplite dike in
diorite

Small vertically
dipping veins in
Tertiary-Quater-
nary volcanics

Vein in Tertiary-
Quaternary vol-
canics intruded
by granodiorite
dikes

Poorly mineralized
veins in frac-
tured Tertiary-
Cretaceous grano-
diorite
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Name

Climax

Condebamba

Department

Lima

Lima

Province

Cajatambo

Cajatambo

Coordinates
Lat. S. Long. W.

10-42 76-42

10-42 76-44

Chief
metals

Molyb-
denum

Other miner-

als, gangue

Chalcopyrite,
pyrite,
quartz

Coal

Geology

Three weak quartz
veins in Tertiary-
Quaternary vol-
canics

Coal seams inter-
bedded with
quartzites and
slatey shales

11-06 76-31 Copper,
lead,
zinc

Bismuthinite Mineralized
lenses in
granite

Diamantinia
prospect

Fundo
Viscachero

Huachoc

Huacuasenga
prospect

Infalible

Lima Huarochiri

Lima

Lima

Canete

Canta

ima Canta

Lima Cajatambo

11-45 76-20

12-34 76-18

11-35 77-00

U1-24 76-40

10-42 76-44

Pyrite,
jarosite

Copper Molybdenite,
tourmaline

Copper, Quartz,
silver calcite

Copper Barite,
quartz

Coal

Asphaltic shale
bed between
Cretaceous
quartzite beds

Fracture zones in
granodiorite

Veins along dikes
and faults in
tonalite

Vein in Creta-
ceous-Tertiary
andesite

Coal seams in
Cretaceous
quartzites and
slatey shales

Consuelo Lima Canta

LA
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Name

La Punta

Mina de
Antimonio

Nazareno

Perla Negra

Picchu
Picchu
claim

Punto Fijo

Raura

Department

Lima

Lima

Lima

Lima

Province

Caiete

Canta

Caniete

Canta

Lima Canta

Lima

Lima

Huarochiri

Cajatambo

Coordinates
Lat. S. Long. W.

12-43 76-25

11-07 76-32

12-37 76-21

11-08 76-33

11-33 76-45

11-50 76-20

10-29 76-45

Chief
metals

Copper

Other miner-

als, gangue

Limonite

Antimony

Copper Quartz

Coal

Lead,
zinc

Copper,
lead,
silver

Quartz with
traces of
lead and
copper

Quartz,
chalcopyrite

Sphalerite,
pyrite,
quartz,
calcite

Geology

Vein in coarse-
grained grano-
diorite with
aplite dikes

Veins in inter-
calated quartz-
ites and lime-
stones

Vein along one
side of basic
dike in grano-
diorite

Black shale con-
taining coal,
intersected by
quartzites

Weak mineraliza-
tion in tight
fractures in
granodiorite

Vein in grano-
diorite

Three steeply dip-
ping parallel
veins in Creta-
ceous limestone



Name

Rio Pallanga

Santa Maria
de las
Nieves

Santander

Santa Rosa

Santa Rosa

Siete
Estrellas

Siglo Nuevo

Department

Lima

Lima

Lima

Province

Canta

Carfete

Canta

Lima Canta

Lima Canta

Lima Huarochiri

Lima Cajatambo

Coordinates
Lat. S. Long. W.

11-09 76-30

12-41 76-20

11-10 76-31

11-37 76-40

11-15 76-33

11-50 76-20

lO-h2 76-44

Chief
metals

Lead,
zinc

Copper

Zinc,
lead

Copper

Copper

Lead,
zinc,
copper

Other miner-
als, gangue

Calcite

Azurite,
hematite,
calcite

Chalcopyrite,
pyrite,
grossularite

Barite

Azurite,
quartz

Quartz

Coal

Geology

Lead-zinc replace-
ment deposit in
folded Cretaceous
limestone

Mineralized frac-
ture zones in
hornfels and

quartzite intru-
ded by diorite

Partially replaced
garnetized lime-
stone

Fracture filling
in Cretaceous-
Tertiary grano-
diorite

Vein in Tertiary-
Quaternary ande-
site and dacite

Vein in Creta-
c eous-Tertiary
rhyolite

Coal seams inter-
bedded with
quartzites and
slatey shales
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Name

Tamboraque
mines

Veta de
Portachuelo

Vetas Jane

Veta de
Quebrada
Tranca

Veta Ramos

Chaspaya

Coronche

Crusani

Department

Lima

Lima

Lima

Lima

Lima

Moquegua

oquegua

Moquegua

Province

Huarochiri

Canta

Canta

Canta

Canta

Mariscal
Nieto

Mariscal
Nieto

Sinchez
Cerro

Coordinates
Lat. S. Long. W.

11-48 76-18

11-35 76-40

11-35 76-40

11-36 76-h0

11-35 76-40

17-35 71-15

16-50 70-47

16-09 70-34

Chief
metals

Other miner-

als, gangue

Lead,
zinc

Copper

Copper,
lead,
zinc

Lead,
silver

Copper

Lead

Copper,
silver

Chlorite

Azurite,
quartz

Iron oxides

Limonite,

quartz

Hematite,
quartz,
gypsum

Calcite

Calcite

Geology

Small deposits in
Cretaceous-Ter-
tiary granodiorite

Vein in altered
Tertiary-Creta-
ceous diorite

Weakly mineralized
fracture fillings
in granodiorite

Vein in grano-
diorite

Fracture filling
in Tertiary-Cre-
taceous grano-
diorite

Vein in grano-
diorite

Mineralization
in fractured
zones of brec-
ciated quartzite

Mineralized frac-
tures in Creta-
ceous quartzite
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Name

Cuajones

Licona

Omoya

San Juan

Tres Amigos

Department

Moquegua

Moquegua

Moquegua

Moquegua

Moquegua

Province

Maris cal
Nieto

Mariscal
Nieto

Mariscal
Nieto

Mariscal
Nieto

Mariscal
Nieto

Coordinates
Lat. S. Long. W.

17-04 70-40

17-30 71-19

16-49 7o-45

17-38 71-17

16-41 70-43

Chief
metals

Copper

Copper

Coal

Copper

Other miner-

als, gangue

Pyrite

Sphalerite,
hematite,
quartz

Hematite

Copper,
lead,
zinc

Geology

Porphyry copper
deposit

Mineralization
in numerous
small fractures
in Jurassic
andesite

Pyritized anthra-
cite in quartz-
ite in contact
with porphyry

Mineralization
in Cretaceous(?)
volcanic rock;
badly weathered.

Adits caved; dumps
checked.
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Name

Atacocha

Carmen Rosa

Hilda

Hope

Machican

Department

Pasco

Pasco

Pasco

Pasco

Pasco

Province

Pasco

Oxapampa

Pasco

Pasco

Pasco

Coordinates
Lat. S. Long. W.

10-35 76-15

10-32 75-19

11-06 76-28

10-39 76-00

10-35 76-15

Chief
metals

Lead,
zinc,
silver

Copper,
lead,
zinc,
bismuth

Lead

Lead,
zinc,
silver

Other miner-
als, gangue

Pyrite, cal-
cite, rhodo-
chrosite,
fluorite

Pyrite, hema-
tite

Grossularite

Calcite

Pyrite,
calcite

Geology

Replacement bodies
and fissure fill-
ings in Pucara
limestone (Lower
Jurassic or Upper
Triassic). Region
of tight folding,
many faults, some
drag folding,
minor dacite in-
trusion. Some
metamorphism
along limestone-
intrusive contacts.

Small shear zone
in Paleozoic
quartzite

Granite porphyry
in contact with
limestone

Small limestone
replacement
deposit

Mainly replacement
bodies in Pucara
limestone; a few
fissure fillings.
Strong oxidation.

OD
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Name

Marcocancha-
Mina Verde

Maria

Milpo

4: 'iarar

Minasragra
(Jumasha)

Olivo

Department

Pasco

Pasco

Pasc o

Pasco

Pasco

Province

Pasco

Pasco

Pasco

Pasco

Pasco

Coordinates
Lat. S. Long. 'd.

11-05 76-29

11-06 76-28

10-35 76-15

10-50 76-35

10-39 76-00

Chief
metals

Copper,
lead,
silver

Copper,
lead,
zinc

Lead,
zinc,
silver

Other miner-
als, gangue

Pyrite

Wollastonite,
garnet,
chlorite

Pyrite, cal-
cite

Vanadium Quisqueite,
gypsum

Manganese ---------

Geology

Manto deposit in
Cretaceous lime-
stone; minerali-
zation related
to granite
porphyry sill

Lenses and veins
at contact of

granite and Cre-
taceous limestone

Hydrothermal veins
in Pucara limestcre
(Lower Jurassic or
Upper Triassic);
minor replacement
bodies in limestone.

Mesozoic red
shales intruded

by dikes and ir-

regular igneous
masses

Contact deposit
between conglom-
erate and lime-
stone on south
flank of large
anticline



Name

Proyecto
Tirol

San Gregorio

Santo
Domingo

Seflor de
Cochas

Veta Yanabin

Department

Pasco

Pasco

Pasco

Pasco

Pasco

Province

Pasco

Pasco

Pasco

Pasco

Pasco

Coordinates
Lat. S. Long. W.

11-06 76-27

10-47 76-18

11-05 76-20

11-07 76-30

11-06 76-28

Chief
metals

Silver,
copper

Coal

Other miner-

als, gangue

Quartz,
limonite

Sulfur

Lead,
antimony

Copper Arsenopy-
rite, py-
rite, azur-
ite, gros-
sularite,
quartz

Geology

Fracture fillings
in Tertiary vol-
canics

Folded Tertiary
shale, lime-
stone, conglom-
erate beds. Sur-
ficial bismuth-
inite deposit
worked to depth
of 50 feet; now
worked for silver
and copper at
greater depths.

Coal seams in
Upper Cretaceous
limestone with
steep dip

Fracture fillings
in Tertiary
volcanics

Vein near strongly
garnetized gra-
nite-limestone
contact

0



Name

Alto Cielo

Department

Puno

El Senor de Puno
los Milagros

La Rinconada

La Suerte

Minerva

Nunca es
Tarde

Porvenir

Ricardo
(San Carlos)

Puno

Puno

Puno

Province

Carabaya

Carabaya.

Sandia

Azingaro

Huancane

Puno

Puno

Puno

Carabaya

Carabaya

Puno

Coordinates
Lat. S. Long. W.

14-13 70-30

14-08 70-25

14-37 69-28

14-50 69-46

15-02 69-47

14-09 70-04

14-33 69-50

15-51 70-02

Chief
metals

Antimony

Other miner-

als, gangue

Quartz

Copper, Pyrite,
zinc quartz

Gold

Antimony

Lead,
silver

Quartz

Quartz

Nickel

Lead

Silver Barite,
quartz

Geology

Filled fissures
in quartzite

Fault breccia fis-
sure fillings
across slates
and quartzites

Narrow quartz
veins in dark
Paleozoic shale

Vein in Paleo-
zoic quartzite

Interstitial ga-
lena filling in
weathered con-
glomerate

Mineralized zone
in slate and
quartzite cut by
andesite dike

Vein in lime-
stone breccia

Mineralization in
strong ribbon
shear zone in
andesite
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Name

San Antonio
de Poto

Pedernales
prospect

Cercana

Las Salinas

Puite No. 2

Zorritos

Department

Puno

San Eartin

Tacna

Tacna

Tacna

Tumbes

Province

Sandia

Mariscal
Caceres

Tacna

Tacna

Tacna

Contra-
almirante
Villar

Coordinates Chief
Lat. S. Long. W.

14-39 69-35

8-00 77-20

17-49 70-07

17-42 70-55

17-48 71-02

3-4o 80-ho

metals als, gangue

Auriferous

pyrite and
quartz

Pyrite,
quartz

Gold

Gold

Copper

Salt

Copper

Petro-
leum

Placer deposit in
outwash plain

Quartz veins in
lower Paleo-
zoic(?) quartz-
ites, conglom-
erates, shales -
locally meta-
morphosed

Near-vertical vein
in granodiorite

Interstratified
salt beds in
Quaternary saline
lake sediment

Mineralized frac-
tures in grano-
diorite batholith

Oil wells in area
produce from
Eocene and Mio-
cene continental
sediments. Stra-
tigraphic traps
were formed by
block faulting.

Hi
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RME-4502 - "Uranium occurrence at the Colquijirca mine, Province of Pasco,
Department of Pasco, Peru," by K. J. Rogers and A. Freyre V.,
November 1954.
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RME-4519F - "Radiometric and geologic examinations of four quebradas in
the Chala-Atico area, Department of Arequipa, Perin," by L. J.
Brown, July 1957.

RME-4521 - "Reconnaissance for uranium in the provinces of Chota and Hual-
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of Huancavelica and Ayacucho, Per6," by Justin B. Moses, July
1957.

RME-4530 - "Examination of Puntarayoc uranium deposit, Cuzco Department,
Peru.," by John W. Gabelman, January 1959.

RME-4531 - "Radioactivity in the Ccollpaccasa area, Cuzco Department, Perd.,"
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by John W. Gabelman and Cesar Rangel Z., July 1959.

RME-4542 - "Petroleum resources and uranium possibilities of the Pucallpa
region, Loreto Department, Peru," by John W. Gabelman, July

1959.

RME-4543 - "The Sayapullo mine area, Cajamarca Department, Peri,," by
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"Reconnaissance of the Rio Chancay-Quebrada Pacaybamba area,
Lima Department, Peri," by John W. Gabelman, February 1960.
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Province, Junin Department, Peru'," by John W. Gabelman,
February 1960.
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Gabelman, March 1960.
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Francisco Citolo L., February 1958.
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APPENDIX 5. PARTIAL BIBLIOGRAPHY OF JCEA GEOLOGICAL REPORTS ON PERU.

A. Reconnaissance

Department of Ancash

R-1l - "Viaje de Huari a la localidad de Chopilona," by Francisco Ciitolo
L. and Justin B. Moses, September 1956.

R-17 - "Viaje sudeste de San Marcos," by Justin B. Moses and Francisco
Cutolo L., September 1956.

Departments of Ancash and Huanuco

R-16 - "San Marcos-Huallanca," by Justin B. Moses and Francisco Cutolo

L., October 1956.

Department of Arequipa

R-20 - "Reconocimiento de las rutas Atico-Caravelf-mina Posco-Pescadores,"
by Guillermo Morales S., June 1957.

R-27 - "Reconocimiento por radioactivos de la Quebrada de Atico," by
Guillermo Morales S., July 1957.

R-28 - "Reconocimiento por radioactivos de la Quebrada Tocota," by Guillermo
Morales S., July 1957.

- "Reconocimiento por radioactivos de la Quebrada de Chaparra," by
Guillermo Morales S., July 1957.

Departments of Arequipa and Ayacucho

R-30A - "Reconocimiento regional por radioactivos de la zone entre El Con-
vento y Coracora," by Guillermo Morales S. and Cesar Rangel Z.,
November 1957.

R-30B - "Reconocimiento geologico y radiomstrico realizado en la Quebrada
de Lucmilla hasta la mina San Fernando," by Guillermo Morales S.
and Cisar Rangel Z., November 1957.

Departments of Ayacucho and Huancavelica

R-26 - "Reconocimiento geologico y radiomstrico en la region de Huanta
en Ayacucho y Mayoc en Huancavelica," by Francisco Cutolo L.,
July 1957.
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Department of Cajamarca

R-32 - "Informe geologico-radiomtrico de la formacion Chota entre las
provincias de Chota y Hualgayoc," by Francisco Ctolo L., December

1957.

Departments of Cuzco and Puno

R-31 - "Reconocimiento geologico-radiometrico entre la zona comprendida
en la Provincia de Anta en el Departamento de Cuzco and Ayaviri
en el Departamento de Puno," by Francisco Ctolo L., October 1957.

Department of Huanuco

R- 5 - "Viaje de Huachrachuco a Uchiza," by Guillermo Morales S.. and Fran-
cisco Ctolo L., August 1956.

R- 7 - "Viaje de Aguaytia a Previsto," by Jorge Sarmiento S. R., Guillermo
Morales S., and Julio Pizarro F., September 1956.

R- 8 - "Viaje Tingo Maria-Divisoria-Previsto," by Jorge Sarmiento S. R.,
Guillermo Morales S., and Julio Pizarro F., September 1956.

R- 9 - "Filitas de la vecindad de Hu6 nuco," by Jorge Sarmiento S. R.,
Guillermo Morales S., and Julio Pizarro F., September 1956.

R-10 - "Viaje de Ambo a Huertas," by Jorge Sarmiento S. R., Guillermo
Morales S., and Julio Pizarro F., September 1956.

R-18 - "Viaje a Cordillera Huayhuash," by Justin B. Moses and Francisco
Cdtolo L., October 1956.

Departments of Huanuco and Loreto

R- 6 - "Viaje de Pucallpa-Aguaytia," by Jorge Sarmiento S. R., Guillermo
Morales S., and Julio Pizarro F., September 1956.

Department of Ica

R-22 - "Reconocimiento geologico y radiomtrico realizado en las quebradas
entre Palpa e Ica," by Cesar Rangel Z. and Lawrence J. Brown,

April 1957.

R-24 - "Reconocimiento geol6gico y radiometrico realizado en las quebradas
entre Palpa y Nazca," by Francisco Cihtolo L. and Justin B. Moses,
April 1957.

R-25 - "Informe geologico por radioactividad, zonas este y sureste de Ica,"
by Guillermo Morales S., Victor Jord 6 n 0., Adolfo Ocampo A., and
Julio Pizarro F., February 1957.
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Department of La Libertad

R- 1 - "Carretera de penetracion de la montaina de La Paccha," by Guillermo
Morales S. and Francisco Citolo L., July 1956.

R- 2 - "Viaje de Buldibuyo a Tayabama," by Guillermo Morales S. and Fran-
cisco Ciutolo L., July 1956.

R- 3 - "Viaje de Tayabama a Ongon," by Guillermo Morales S. and Francisco
Citolo L., July 1956.

R-12 - "Carretera de penetracion Parcoy-La Zate," by Oscar Aguilar M.
and Julio Pizarro F., September 1956.

R-13 - "Tayabamba-Ongon," by Oscar Aguilar M. and Julio Pizarro F.,
September 1956.

Departments of La Libertad and Huanuco

R- 4 - "Viaje de Tayabama a Huacrachuco," by Guillermo Morales S. and
Francisco Cutolo L., August 1956.

Departments of La Libertad and San Martin

R-14 - "Ongon-Pizana," by Oscar Aguilar M. and Julio Pizarro F., August
1956.

Department of Lambayegue

R-29 - "Reconocimiento geologico y radiometrico realizado en las zonas
de Olmos-Pomahuaca y Motupe," by Cesar Rangel Z., September 1957.

Departments of Lambayeque and Cajamarca

R-34 - "1iaje de reconocimiento a las zonas de Las Lomas (Piura) y Olmos-
Rio Maranon," by Guillermo Morales S. and Juan Sosa B., October
1958.

Departments of Lambayegue and La Libertad

R-33 - "Exploracion geologica-radiometrica, zona Eten-Pacasmayo, pro-
vincias de Chiclayo y Pacasmaya," by Cesar Rangel Z., February
1959.

Department of San Martin

R-15 - "Pizana-Juanjui," by Oscar Aguilar M. and Julio Pizarro F.,
September 1956.
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B. Geological

Department of Ancash

No. 53 - "Informe del reconocimiento geol6gico y radiometrico realizado
entre Casma y Culebras, Provincia de Huarmey," by Cesar Rangel Z.
and Juan Sosa B., February 1958.

No. 56 - "Informe del reconocimiento por radioactivos en la Provincia de
Corongo," by Guillermo Morales S., November 1958.

No. 57 - "Informe de la exploraci6n por radioactivos de la zona compren-
dida entre la Quebrada del Rfo Fortaleza y la de Gramadal," by
Guillermo Cox R., March 1959.

Department of Apurimac

No. 30 - "Geologia de la parte norte y noroeste de la Provincia de Anda-
huaylas y reconocimiento por radioactivos," by Adolfo Ocampo A.
and Oscar Aguilar M., undated.

No. 31A -

Department

No. 27A -

"Reconocimiento por radioactivos en la parte oeste de la Provincia
de Andahuaylas," by Julio Pizarro F., November 1957.

of Arequipa

"Informe geoldgico y radiometrico de la region S-W del cuadrangulo
de Arequipa," by Francisco Cutolo L. and Guillermo Cox R., February
1958.

Department of Ayacucho

No. 31B - "Reconocimiento geologico por radioactivos zona sur de la Provincia
de La Mar," by Adolfo Ocampo A. and Julio Pizarro F., June 1957.

No. 32 - "Informe del reconocimiento geologico y radiometrico realizado
en la zona norte de la Provincia de La Mar," by Cesar Rangel Z.
and Francisco Citolo L., June 1957.

No. 35 - "Exploracion por radioactivos del occidente de la Provincia de
Huanta," by Guillermo Cox R., August 1957.

Department

No. llA -

of Caiamarca

"Informe sobre el viaje a la zona norte y Sayapullo," by Cesar
Rangel Z., May 1959.

Department of Cuzco

"Estudio geologico y de radioactividad, Distrito de Vilcabamba,"
by Oscar Aguilar M., Adolfo Ocampo A., Victor Jordan 0., and Julio
Pizarro F., September 1957.
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Department of Cuzco

No. 27B - "Exploraci6n del alto y bajo Urubamba ," by Guillermo Cox R.,
October 1957.

No. 34A . "Reconocimiento geolgico-radiomstrico generalizado de la zona
Retamayoc-Choquetira-Yanama, Provincia de La Convencion," by
Victor Jordan 0. and Juan Sosa B., July 1958.

No. 34B - "Reconocimiento geol6gico-radiometrico preliminar de la zona
Chaullay-Cuquipata, Provincia de La Convencion," by Juan Sosa B.
and Eduardo Goyburu de la C., November 1958.

No. 36 - "Reconocimiento geolgico-radiomtrico del triangulo Pampaconas-
Yupancca-Tincoc, Provincia de La Convenci6n," by Juan Sosa B.
and Eduardo Goyburu de la C., November 1958.

No. 41 - "Exploraci6n de Lares," by Guillermo Cox R., May 1959.

No. 42 - "Geologia y radiometria de la zona norte y noroeste de Lucma,"

by Adolfo Ocampo A. and Julio Pizarro F., May 1959.

No. 43 - "Informe de reconocimiento geoldgico-radiometrico de la zona
Chalcha, Distrito de Vilcabamba, Provincia de La Convenci6n," by
Adolfo Ocampo A. and Julio Pizarro F., July 1959.

No. 44 - "Reconocimiento geologico-radiometrico de la zona Quebrada Negri-
llas, Distrito de Vilcabamba, Provincia de La Convenci6n," by
Oscar Aguilar M., Juan Sosa B., and Eduardo Goyburu de la C.,
June 1959.

No. 45 - "Reconocimiento geolo'gico-radiometrico del area de Minaspata,
Distrito de Vilcabamba, Provincia de La Convencion," by Juan
Sosa B. and Eduardo Goyburu de la C., September 1959.

No. 46 - "Informe geol6gico y radiomtrico de reconocimiento del area de
Salcantay, Distritos de Ollantaytambo y Limatambo," by Adolfo

Ocampo A., November 1959.

No. 47 - "Reconocimiento geol6gico-radiometrico de la zona de Salcantay,
Provincia de Anta," by Julio Pizarro F., June 1958.

No. 48 - "Reconocimiento geolgico-radiometrico del area Puntarayoc, Pro-
vincia de La Convencion," by Julio Pizarro F. and Eduardo Goyburu
de la C., October 1958.

No. 49 - "Reconocimiento en las areas de Huamanapi y Huashuacocha," by
Guillermo Morales S. and C6sar Rangel Z., May 1960.

No. 50 - "Informe del reconocimiento geol6gico-radiometrico, area de
Huashuacocha," by Guillermo Morales S. and C6sar Rangel Z.,
June 1960.
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Department of Cuzco

No. 51 - "Informe sobre los minerales radioactivos de Huayonay," by Oscar
Aguilar M. and Bernardino G6'mez P. , May 1960.

Department of Ica

No. 34C - "Reconocimiento geol6gico y radiometrico de la region sur de
Nazca," by Guillermo Cox R., April 1957.

Department of Junin

No. 26B - "Prospeccion por radioactivos del area Morococha-Yauli," by
Victor Jordan 0., July 1957.

Departments of Junin, Huancavelica, and Ica

No. 31C - "Reconocimiento geologico-radiometrico en diferentes puntos de
itinerario, Janchiscocha-Izcuchaca-Huancavelica-Julcani-Huacho-
colpa-mina Vulcano-Huachac, " by Cisar Rangel Z. and Guillermo
Cox R., October 1959.

Department of Lima

No. 86 - "Informe preliminar de la perforacion diamantina en la mina
Santa Rosa, Sumbilca," by Guillermo Morales S., October 1958.

"Estudio geol6gico y de radioactividad, minas de la Quebrada
Picay y alrededores, Distrito de Sumbilca, Provincia de Canta,"
by A. Freyre V. and Victor JordAn 0., September 1956.

Department of Loreto

No. 1 - "Informe del reconocimiento por radioactivos en el area de
Iquitos y afluentes del Alto Amazonas," by Guillermo Morales S.,
August 1959.

Department_ of Madre de Dios

No. 2A -

Department_

"Rio Karene o Colorado," by Guillermo Cox R., February 1960.

of Moquegua

No. 15 - "Informe de la exploracion geolOgica-radiometrica del area entre
Ilo-Moquegua," by Guillermo Morales S., Adolfo Ocampo A. and
Lawrence J. Brown, February 1958.

Department of Pasco

"Reconocimiento geologico-radiomltrico en Oxapampa," by Cesar
Rangel Z., August 1959.
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Department of Pasco

- "Presencia de minerales radioactivos en el Distrito Minero de
Oxapampa, Provincia de Oxapampa," by Jorge Sarmiento S. R., Oscar
Aguilar M., and Francisco Cttolo L., October 1955.

Department of Piura

No. 6 - "Informe geologico por radioactividad, zonas de Bayovar y Silla
de Paita," by Guillermo Morales S. and Adolfo Ocampo A., January
1957.

No. 7 - "Informe geol6 gico de las areas "Las Lomas" y el canal del Alto
Quiros," by Oscar Aguilar M. and Guillermo Cox R., March 1957.

No. 8 - "Informe del reconocimiento geol6gico-radiometrico en la Provincia
de Huancabamba, " by Guillermo Morales S.., September 1957.

No. 9 - "Informe del reconocimiento geol6gico-radioactivo en la Provincia
de Ayabaca," by Guillermo Morales S., September 1957.

No. 10 - "Informe del reconocimiento geolgico y radiom6trico realizado en
zonas de las nacientes y curso alto del Rio Tabaconas y parte
norte de Huancabamba, Provincia de Huancabamba," by C6sar Rangel
Z. and Guillermo Cox R., May 1958.

No. 11B - "Informe sobre perfilaje radioactivo y notas geol6gicas de parte
noroeste Peruano," by Guillermo Cox R., December 1958.

- "Informe preliminar del reconocimiento por radioactivos de la
Provincia de Morropon," by Guillermo Cox R., March 1957.

Department of Puno

No. 18 - "Estudios radiometricos en el area del Lago Titicaca," by Fran-
cisco C~itolo L. and Luis Cazeneuve, September 1957.

Department of Tacna

No. 2B - "Prospeccion por uranio en el Departamento del Tacna," by Oscar
Aguilar M., Julio Pizarro F., and Eduardo Goyburu de la C.,
February 1958.
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